^ f h * 66. (Added) The display apparatus of Claim 6JSr. 



further comprising at least one electrical connector coupled 
to said at least one arid electrode, at least a portion of 
said at least one electrical connector being disposed outside 
of said vacuumed housing > 



67 A (Added) The display apparatus of any one of 
Claims 51. 53,)egv56. wherein the signal applier applies the 



\^ scan signal to tsoe row wires row by row> 



REMARKS 

Claims 1-67 are now presented for examination. 
Previously-added Claims 43, 47, 48, 51-56, 61, and 63 have 
been amended to define still more clearly what Applicants 
regard as their invention. Newly-added Claims 65-67 have 
been added to provide Applicants with a more complete scope 
of protection. Support for the subject matter recited in 
those latter claims is found in the specification as 
originally-filed, at least at col. 21, lines 55-56 and Fig. 
39A (Claim 65), col. 21, lines 65-67 (Claim 66), and col. 22, 
line 6 (Claim 67) . The specification and has been carefully 
reviewed and amended as to matters of form and to correct 
minor grammatical errors. No new matter has been added. 

Applicants note with appreciation the allowance of 
Claims 1-42 in the Office Action. 
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Section 1 of the Office Action requires the 
submission of a substitute specification pursuant to 37 
C.F.R. § 1.125(a), because the originally-filed reissue 
application allegedly did not conform with 37 C.F.R. § 
1.52(b). In particular, the Office Action states that the 
pages of the originally-filed reissue application did not 
include a top margin of at least 2.0cm. 

Applicants have carefully considered the Examiner's 
requirement for a substitute specification in view of current 
Patent and Trademark Office rules relating to reissue 
applications, and note that 37 C.F.R. § 1.125(d) explicitly 
states that a substitute specification is not permitted in a 
reissue application. Accordingly, no substitute 
specification is being transmitted herewith. Nonetheless, in 
order to aid the Examiner while complying with 37 C.F.R. § 
1.52(b), submitted herewith is a duplicate copy of the 
originally-filed reissue application, having a format 
complying with 37 C.F.R. § 1.52(b). The duplicate copy of 
the application contains no new matter. 

The withdrawal of the requirement for a substitute 
specification is respectfully requested. 

Claims 51, 53, and 56 were objected to for the 
reason noted in section 2 of the Office Action. In 
particular, the Office Action requires that the word 
"wirings" appearing in those claims be changed to "wires". 
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Claims 51, 53, and 56 each have been amended in accordance 
with that requirement • Accordingly, it is believed that the 
objection to Claims 51, 53, and 56 has been obviated, and its 
withdrawal is therefore respectfully requested. 

Claims 51-64 were rejected under 35 U.S.C. § 112, 
second paragraph, as indefinite, for the reasons noted in 
section 4 of the Office Action. 

Independent Claims 51, 53, and 56 have been 
carefully reviewed and amended as deemed necessary to ensure 
that Claims 51-64 comply fully with the requirements of 
Section 112, second paragraph, with special attention to the 
points raised in section 4 of the Office Action. For 
example. Claim 51 has been amended to change the language 
"and (iii) a low voltage across the first and second 
electrodes of each of the electron emission elements ..." 
to the words "to cause a low voltage to be applied across the 
first and second electrodes of each of the electron emission 
elements . . .", and Claims 53 and 56 have been similarly 
amended.^ Claim 53 also has been amended to include language 

1/ Applicants also note that independent Claims 51, 53, and 
56 also have been amended to include language reciting that a 
modulation signal is applied to column wires in^ 
synchronization with an application of a scan signal to the 
row wires. Support for these amendments is found in the 
originally-filed specification, at least at col. 22, lines 4- 
9. Moreover, Claims 43, 47, 48, 51-56, 61, and 63 each have 
been amended to replace "means" language with other 
appropriate language (e.g., voltage applier, signal applier, 
etc. ). 

(continued. . . ) 
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reciting first and second electrodes, and referring to an 
application of a low voltage across the first and second 
electrodes^. Support for these amendments is found 
throughout the originally-filed specification. 

It is believed that the rejection of Claims 51-64 
under Section 112, second paragraph, has been obviated, and 
its withdrawal is therefore respectfully requested. 

Claims 43-50 were rejected under the judicially- 
created doctrine of obviousness-type double patenting as 
being unpatentable over Claims 1, 3, and 4 of commonly- 
assigned U.S. Patent 5,066,883 (Yoshioka et al.) in view of 
U.S. Patent 3,735,186 (Klopfer et al.).' Claims 51-64 were 
rejected under the judicially-created doctrine of 
obviousness-type double patenting as being unpatentable over 
Claims 1, 3, and 4 of voshioka et al. in view of Klopfer et 
al. and U.S. Patent 4,575,765 (Hirt) . 

Of the rejected claims. Claims 43, 47, 51, 53, and 

56 are independent. 

Each of the independent Claims 43, 47, 51, 53, and 
56 has been amended to include language emphasizing that the 



1/ ( . . .continued) 

2/ A similar amendment also has been made to Claim 47. 

3/ The Office Action incorrectly identifies Klopfer et al. 
as U.S. Patent No. 5,066,883, rather than U.S. Patent No. 
3,735,186. 
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electron-emission layer recited therein extends from the 
first electrode to the second electrode of the electron 
source plate/ For example, as amended, Claim 43 recites, in 
part: 

"a first electrode disposed on the 

substrate , 

an intermediate member disposed on said 
first electrode, and having a side wall which includes an 
electron-emission layer containing an electrical 
discontinuity , 

a second electrode spaced from said 
substrate in a direction normal to said substrate, wherein 
said electron-emission layer exte nds from said first 
electrode to said second electrode . . . . " 

Similar language also is recited in amended Claims 47, 51, 
53, and 56. Support for these amendments is found in the 
specification and drawings as originally filed, at least in, 
for example. Figs. 8-10, 27, and 29c. 

In contrast to the above-recited features of Claims 
43, 47, 51, 53, and 56, Claims 1, 3, and 4 of U.S. Patent 

4/ Independent Claims 51, 53, and 56 also have been amended 
to include language reciting that a modulation signal is 
applied to column wires in synchronization with an 
application of a scan signal to the row wires. Support for 
these amendments is found in the originally-filed 
specification, at least at col. 22, lines 4-9. 
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5,066,883 each explicitly recite "said insulating layer 
having an electron-emitting region spaced apart from said 
electrodes . . . None of the claims of Yoshioka et al. 

recites an electron-emission layer which extends from a first 
electrode to a second electrode of an electron source plate, 
as set forth in Claims 43, 47, 51, 53, and 56 of the present 
application. 

TCin pfer et al. apparently is cited in the Office 
Action as evidence that it is well known to include an 
electron source in a display device. However, Applicants 
submit that even if TCinpfer et al. be deemed to teach all 
that it is cited for in the Office Action, and even if the 
electron-emitting device defined in Claims l, 3, and 4 of 
vnfihioka et al. were to be included in a display device of 
Tfin pfer et al. . as proposed by the Examiner, the resulting 
combination still would not include the above-highlighted 
features of Claims 43, 47, 51, 53, and 56. 

Hirt apparently is cited in the Office Action as 
evidence that it is well known to provide matrix addressing 
of electron emitters. However, even if Hirt be deemed 
arguendo to teach such a feature, and even assuming Hirt were 
to be combined with the electron-emitting device defined in 
Claims 1, 3, and 4 of vn^hioka et al. and the display device 
of Kin pfer et al. as proposed by the Examiner, the resulting 
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combination still would not teach or suggest the above- 
highlighted features of Claims 43, 47, 51, 53, and 56. 

Moreover, Applicants submit that there would have 
been no motivation to replace the electron source of Klopfer 
et al. with the electron-emitting device defined in Claims 1, 
3, and 4 of vnghioka et al. . since Klopfer et al. requires 
the use of cavities that include an electron emissive layer 7 
disposed on an electrode 2, to provide high electrical 
resistance between the electrodes, whereas Claims 1, 3, and 4 
of Ynshioka et al. recite that an electron-emitting region is 
s paced apart from electrodes of the device defined in those 
claims. 

Furthermore, since Claim 43 is directed to a 
display device and Claims 47, 51, 53, and 56 are directed to 
a display apparatus, one must make a display device or 
apparatus, respectively, in order to infringe those claims. 
When one practices the invention defined by Claims 1, 3, and 
4 of vnshioka et al. . however, which each define an electron- 
emitting device, one does not infringe Claims 43, 47, 51, 53, 
and 56 of the present application. Indeed, when the Yoshioka 
et al. patent expires, one is free to practice Claims 1, 3, 
and 4 of that patent by making the electron-emitting element 
defined by that claim. Therefore, Claims 43, 47, 51, 53, and 
56 do not extend the protection afforded by Claims l, 3, and 
4 of the vnshioka et al. patent, and the fundamental policy 
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behind the double-patenting doctrine is neither implicated 
nor compromised by Claims 43, 47, 51, 53, and 56 of the 
present application. 

For all of the foregoing reasons. Claims 43, 47, 
51, 53, and 56 are each deemed to be clearly patentable over 
the prior art relied on by the Examiner. 

A review of the other art of record has failed to 
reveal anything which, in Applicants' opinion, would remedy 
the deficiencies of the art discussed above, as references 
against the independent claims herein. Those claims are 
therefore believed patentable over the art of record. 

The other claims in this application are each 
dependent from one or another of the independent claims 
discussed above and are therefore believed patentable for the 
same reasons. Since each dependent claim is also deemed to 
define an additional aspect of the invention, however, the 
individual consideration or reconsideration, as the case may 
be, of the patentability of each on its own merits is 
respectfully requested. 

An Information Disclosure Statement is submitted 

herewith. 

In view of the foregoing amendments and remarks. 
Applicants respectfully request favorable reconsideration and 
early passage to issue of the present application. 
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Applicants' undersigned attorney may be reached in 



our New York office by telephone at (212) 218-2100. All 
correspondence should continue to be directed to our address 
given below. 



FITZPATRICK, CELLA, HARPER & SCINTO 

30 Rockefeller Plaza 

New York, New York 10132-3801 

Facsimile: (212) 218-2200 

117292 



Respectfully submitted, 




Attorney for Applicants 



Registration No. 
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ELECTRON EMXTTING DEVICE 

RELATED APPUCAHON 



THIS appiitation is a reissue of U.S. Patent No. 5,661.362. 
which iss uA from application Ser. No. 08/657,385. which is a 
continuationW application Ser. No. 08/T91.065 filed Feb. 3, 
1994. now abandoned, which is a continuation of application 
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is a contin({ap^.in-paiT of application Scr. No. 07/218.203 
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BACKGROUND OF THE INVENTEON 

1. Field of the Invention 

Tlic present invention relates to an electron-emitting 
device, and a method of preparing it. 

2. Related Background Art 

Hitherto known as a device achievable of emission of 
electrons with use of a simple struaurc is the cold cathode 
device pubUshed by M. L EUnson ct al (Radio Eng. Hectron 
Phys., Vol, 10. pp. 1290-1296. 1965). 

This utilizes the phenomenon in which electron emission 
is caused by flowing an electric current to a thin film formed 
with a small area on a substrate and in parallel to the surface 
of the film, and is generally called a surface conduction 
electron-emitting device. 

This surface conduction electron-emitting device that has 
been reported includes those employing a SnOjCSb) thin 
film developed by Elinson et al. named in the above, those 
employing an Au thin film (G. Dittmer, 'Thin Solid Films", 
Vol. 9. p317. 1972). those employing an ITO thin film. (M. 
HartweU and C, G. Fonstad, "IHF.H Trans. ED Conf.", p.5 19. 
1975). and those employing a carbon thin film [Hisashi 
Araki, et aL **SHINFar (Vacuum). Vol. 26, No. 1 p 22 
1983], 

Typical device constitution of these surface conduction 
electron-emitting devices is shown in FIG. 38. In FIG. 38, 
the numerals 19 and 20 denote electrodes for attaining 
electrical connection; 21. a thin film formed using an 
electron-emitting material; 23, a substrate; and 22. an 
electron-emitting regioiL 

In these surface conduction electron-emitting devices, it 
has been hitherto practiced to previously form the electron- 
emitting region by an energizing heat treatment called 
"faming", before effecting the electron cmissioiL More 
specifically, a voltage is applied between the above electrode 
19 and electrode 20 to energize the thin film 21 to bring the 
thiB film 21 to be locally destroyed, deformed or denatured 
owing to the Joule heat thereby generated, thus forming the 
electron-emitting region 22 kept in a state of electrically 
higji resistance to obtain an electron-emitting function. 

What is meant by the above state of electrically high 
resistance is a discontinuous state of a film partly having 
cracks of 0.5 imi to 5 fim on the thin film 21 and having the 
so-called island structure inside the cracks. What is meant by 
the island structure is the structure of a film in which fine 
particles generally having a diam^er of several ten ang- 
stroms to several micrometers are present on the substrate, 
aiid the respective fine particles i*re spatially discontinuous 
and electrically continuous. 

Hithertofore. in the surface conduction electron-emitting 
devices, a voltage is applied to the above high-resistance 
discontinuous film by the electrodes 19 and 20 to flow an 
electric current to the surface of the device, so that the 
electrons arc emitted from the above fine particles. 
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ttW'cvcr. ihc fOTming according to the conventional 
energizing heai treatment as mentioned above have involved 
the pr<H^cms as follows: 

(1) In^anying out the encigizing heating, it sometimes 
occurVthat the thin film is peeled because of the 
diffcretf^in cocflSdcnt of thermal expansion between 
the subatete and the thin film. This provides limitations 
in upperifl^kLof heating temperature, materials for the 
substrate, atfti combination by selection of materials for 
the thin film.\ 

{2) In carrying out the energizing heating, the substrate 
also is locally heated, therefore sometimes resulting in 
occurrence of fatal cracking therein. 
. (3) Degree of the changes of a film owing to the ener- 
gizing heating, as exemplified by the degree of local 
destruction, deformation or denaturing, tends to 
become irregular among a plurality of devices formed 
in the same substrate, and also the site at which changes 
may occur tends to be not fixed. 
For this reason, when functioning as an clcctron-cmittine 
device, irregularity in the shape of beams of cmiacd elec- 
trons has been seen for each device. 

(4) A relatively large electric power is required until the 
forming is completed. For this reason, an electric 
source of large capacit>^ is required when a number of 
devices are formed on the same substrate and the 
forming is carried out simultaneously. 

(5) A relatively long period of time is required for 
conventional forming processes that start with the 
energizing heating and end with cooling. For this 
reason, an excessively long time is required for cany- 

ing out the forming of a number of f^cvirr< 

Becausiiof the problems as set out above, the surface 
conductioiQfclcctron-cmitting devices have not been posi- 
tively appn» in industrial fields, notwithstanding their 
advantages th\t the device has simple constmction. 

SUMMARY OF THE INVENTION 
The present invention was made to eliminate the disad- 
vantages in the prior art as discussed above, and an objea 
thereof is to provide an electron-emitting device that can 
have, without applying the treatment called forming, a 
quality more ttian equal to that of electron-emitting devices 
obtained by Ac forming, and has a novel structure suffering 
less irregularity of characteristics, and a method for prepar- 
ing it 

More specifically, the present invention firstly provides a 
means for preparing the device by controlling tfie above- 
mentioned shape and width of cracks without use of the 
forming means, and with case, and provides an electron- 
emitting device with regular characteristics, prepared by the 
method using the means. 

It secondly provides a means for making uniform the 
structure and size corresponding to the island structure in the 
cracks mentioned above, and provides an electron-emitting 
dcvicse having regular characteristics by using the mcans. 

A further object of the present invention is to provide an 
electron-emitting device capable of controlling the above 
characteristics and also capable of better controlling the 
position of the electron-emitting region, and a method for 
prq)aring such a devioc. 

A still further object of the present invention is to provide 
an electric current emitting device that not only can solve the 
problems previously mentioned, but also can make lower the 
voltage to be applied to electrodes and achieve in^jrovement 
in the density of an emitted electric current 
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According to an aspect of the present invention, there is 
provided an elcctron^mltting device comprising a laminate 
comprising an insulating layer held between a pair of 
electrodes opposing each other, wherein an electron- 
emitting region insulated from said electrodes is formed at 
a side end surface of the insulating layer formed at the part 
at which the electrodes oppose each other, and electrons arc 
emitted from said electron-emitting region by applying a 
voltage between said electrodes. 

According to another aspect of the present invention, 
there is provided an electron-emitting device comprising a 
device structure in which an insulating layer is formed 
between opposing electrodes, and fine particles are arranged 
inside the layer of said insulating layer in a dispersed state. 

According to a further aspect of the present invention, 
there is provided an electron-emitting device comprising the 
device structure that a semiconductcc layer is formed 
between opposing electrodes, and fine particles are arranged 
inside the layer, or on the layer, of said semiconductor layer 
in a dispersed state. 

A further object of the present invention is to provide a 
display device comprising an electron-emitting device com- 
prising a laminate having an insulating layer disposed 
between opposing electrodes on a planar substrate, the 
insulating layer having an electron-emitting region spaced 
apart from the electrode, wherein a first portion of the 
insulating layer is disposed between one of the electrodes 
and the planar substrate, and the electron emitting region is 
disposed;iojfche first portion, wherein electrons arc emitted 
from the electron-emitting region by applying a voltage to 
the electrodes, and wherein a phosphorous emits light by a 
stimulation of the electrons' emitting from the electron- 
emitting device, . 

A further ^bject of the present invention is to provide a 
display devioD^omprising an electron-emitting device in 
which eleccrOTA^29itting material comprising^the electron- 
emitting rcgionWe in a dispersant stable. 

A further object of the present invention is to provide a 
display device coVmsrising an electron-emitting device in 
which the electrop-emitting material comprising the 
electron-emitting retoon are at least two kinds of fine 
particles of materials\av ing different c onductiviti es. 

BRIEF DESCRIFnON OF THE DRAWINGS 

FIG. 1 is a cross-section illustrating an embodiment of a 
vertical type electron-emitting device of the present inven- 
tion. 

FIG. 2 is a cross-section illustrating another embodiment 
of a vertical type electron-emitting device of the present 
invention. 

FIGS. 3(a) and Zlt) illustrate an example for a method of 
prq>anng the electron-emitting device of the present inven- 
tion. 

FIG. 4 is a cross-section illustrating an embodiment of a 
vertical type electron-emitting device of the present inven- 
tion. 

FIG. 5 is a cross-section illustrating still another embodi- 
ment of a vertical type electron-emitting device of the 
present invention. 

FIGS. 6a and 6b illustrate examples for a method of 
preparing an embodiment of an electron-emitting device of 
the present invention. 

FIG. 7 illustrates a further step in a method of preparing 
an embodiment of an electron-emitting device of the present 
inventioiL 
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FIG. 8 is a perspective view illustratiDg aa clcctron- 
cmittiog device of the present ioventioo having an insulating 
layer comprising fine particles arranged in a dispensed state; 

FIG. 9 and FIG. 10 are cross-sections along the line A to 
B in FIG. 8; 

FIGS. 11(A) to 11(E) arc cross- sections illustrating the 
prqjaration stqjs of an electron-emitting device of the 
present invention. 

FIG. 12 illustrates a preparation step of an electron- 
emitting device of the present invention. 

FIGS. 13(a) and 13(h) illustrate preparation stq>s of 
another embodiment of an electron-emitting device of the 
preseift invention. 

FIGS. 14(A) to 14(E) are cross-sections illustrating each 
of the preparation stq>s of another embodiment of an 
electron-emitting device of the present invention. 

FIGS. 15(a) and lS(b) illustrate preparation steps of 
another embodiment of an electron-emitting device of the 
present invention. 

FIGS. 16(a) and 16(b) illustrate preparation steps of 
another embodiment of an electron-emitting device of the 
present invention. 

FIG. 12. FIG. 13. HG. IS and FIG. 16 diagrammatically 
illustrate electron-emitting devices according to other 
embodiments of specific structures of the present invention; 

FIGS. 17 and 18 diagnostically illustrate electron- 
emitting device of the present invention having a semicon- 
ductor layer comprising fine particles arranged in a disposed 
state. 

FIGS. 19(A) to 19(C) are cross-sections illustrating an 
electron-emitting device of the present invention for each 
prq)aration step. 

FIG. 20 diagrammatically illustrates an embodiment of an 
electron-emitting device of the present invention having a 
semiconductor layer comprising fine particles arranged in a 
dispersable state. 

FIGS. 21 and 22 diagrammatically illustrate other 
embodiments of an electron-emitting device of the present 
invention. 

FIGS. 23(A) to 23(D) illustrate the step in the preparation 
of an embodiment of an electron-emitting device of the 
in-esent invention. 

FIGS. 24 and 25 are cross-sections illustrating embodi- 
ments of an electron-emitting device of the present inven- 
tion. 

FIGS. 26(A) to 26(E) are cross-sections illustrating the 
preparation steps of an embodiment of an electron-emitting 
device the present invention. 

FIG. 27 illustrates another embodiment of an electron- 
emitting device of the present inventioiL 

FIGS. 23(0) to 28(c}, FIGS. 29M) to 29(c). and FIGS. 
30{«) to 30<^ illustrate preparation steps in other 
emt>odim«nta of an electron-emitting device of the present 
invention. 

FIG. 31 illustrates another embodiment of an electron- 
emitting device of the present invention. 

FIGS. 32(#) and 32(b), FIGS. 33(») to 33i<fi and FIGS. 
3*(«) to 344d) illustrate the preparation steps in other 
emt>odiments of an electron-emitting device of the presem 
invention. 

FIGS. 35 and 36 diagrammatically illustrate an electroo- 
c mi m ' n g device according to other embodiments of specific 
structures of the present invention. 
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FKS. 37(a) and 37(b) diagrammatically Ulusirate «n 
ciectroo-finining device compiislag two kinds of fioc par- 
octes arranged m a dispersed state, landl 

FIG. 38 is a view iUustrating a convenaocal clectroo- 
emitting device. 

FIG. 39A is a partially cuuway perspective view illus- 
trating the stmcture of a display panel. 

FIG. 39B illustraies an example of the display device 
having electrodes 1 and 2 juxtaposed on a surface of a 
substrate. 

FIG. 39C illustrates an example of the display device in 
which electrodes 1 and 2 arc laminated on a substrate. 

FIG. 39D illustrates an upper view of the laminate in FIG. 
39A formed of three layers. 

DETAILED DESCRIPTION OP THE PREFERRED 
EMBODIMENTS 

More specifically, the present invention is an electron- 
emitting device comprising a laminar^ comprising an insu- 
lating layer disposed between a pair of opposing electrodes, 
wherein an electron-emitting region insulated from the elec- 
trodes is provided at a side end surface of the insulating layer 
formed at the part at which the electrodes oppose each other, 
and electrons arc emitted from the electron-emitting region 
by applying voltage between the electrodes. 

FIG. 1 diagrammatically illustrates a first embodiment of 
the ciearon-emitting device of the present invention. In the 
figure, the numerals 1 and 2 denote electrodes for obtaining 
electrical connection; 3, an electron-emitting region; 4. a 
substrate; and 5. an insulating layer. 

In FIG. 1, the electron-emitting device of the present 
invention comprises a laminate comprising the insulating 
layer 5 disposed between a pair of the electrodes 1 and 2 
opposing each other at their end portions, wherein the 
electron-emitting region 3 insulated from the electrodes is 
provided at a side end surface of the insulating layer 5 
formed at the opposing part at which the electrodes 1 and 2 
oppose each other, and electrons arc emitted from the 
electron-emitting region 3 by applying voltage between the 
electrodes 1 and 2. 

In the above electron-emitting device, the one corre- 
sponding to the narrow crack in the prior art can depend on 

the film thickness of the insulating layer 5. More specifically, 
as illustrated in FIG. I. taking the stmcture that a pair of the 
electrodes are formed above and beneath the insulating laycr 
with respect to the direction of the lamination in which the 
insulating layer having the electron-emitting region is lami- 
nated to the substrate (hereinafter referred to as 'Vertical 
type strucnire**) can make small the thickness of the insu- 
lating layer on which the spacing between electrodes 
depend. 

The electron-emitting device having the vertical type 
structure has a quality more than equal to that of conven- 
tional ones without talang^the forming means, and can give 
a more improved electron-emitting device that rj^g make 
uniform the shape and width of the electron-emitting regiozL 

In FIG. 1. the insulating layer 5 may have a thickness of 
from several angstroms to several microns, for example, 
from 10 angstroms to 10 microns, preferably from 10 to 1 

The insulating layer 5 is comprised of SiO,, MgO. TiO,, 

TajO,, AI2O3 or the like, a laminated material of any <rf 
these, or a mixture of any of these, which is formed by 
vacuimi deposition or coating. Alternatively, when the elec- 
trode 1 is comprised of a metal such as Al and Ta. the 
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insulating layer 5 may comprise an anodic oxidation film 
anodized by electrolysis. 

The substrate 4 is fonned with glass, ceramics or the like, 
and the electrodes 1 and 2 are fonned with Au. Ag. Cu. Mo. 
Cr. Ni, Al, Ta. Pd, W or the like, or an alloy of any of these, 
or carbon, etc 

The electrodes 1 and 2 may have a thickness of from 
several hundred angstroms to several ^m. preferably from 
0.01 to 2 |im in the case of the vertical type. Fbrrnation 
methods include vacuum deposition, photolithography, and 
printing. 

An outline of the method of preparing the electron- 
emitting device according to the present invention can be 
specifically described based on FIG. 1 as follows: 
- The electrode 1 is vapOT deposited on the substrate 4. and 
then subjected to patterning to give a desired sh^>e as 
exemplified by a stripe. Thereafter, the insulating layer 5 is 
formed by means of vacuum dqx>sition. coating or the like. 
Thickness of the insulating layer depends on the dielectric 
strength depending on materials fca- the insulating layer, and 
the threshold voltage at which emission of electrons begins 
by the voltage applied between the electrodes 1 and 2. 
Usually, to set the threshold voluge to from 10 to 20 V, this 
film thickness must be 1 micron or less. After formation of 
the insulating layer 5. the electrode 2 is fonned by conven- 
tional vacuum deposition, printing, coating or the like 
process, and then the electrode 2 and the insulating layer 5 
are so subjected to patterning along the pattern of the 
electrode 1 that they may paitly overlap with the electrode 
1 in the same pattern. (See FIG. 1.) In that occasion, the 
electron-emitting region 3 may be obtained by disposing an 
electron-emitting layer 3a between the insulating layers Sa 
and Sb acccH'diog to the manner as described later, or may be 
obtained by disposing electron-emitting bodies 36 at the side 
face of the insulating layer 5. 

Good results can also be exhibited not only by taking the 
structine in which the electrodes 1 and 2 overlap as shown 
in FIG. 1. but also by an electron-emitting device compris- 
ing the electron-emitting region 3 disposed at a side end 
surface defined between a pair of electrodes 1 and 2 that 
oppose at their end portions but have no overlap as shown 
in FIG. 2. 

The electron-emitting region 3 is formed by disposing an 
electron-emitting layer 3a in the insulating layer 5 com- 
prised of a material readily capable oi field emission of 
electrons, a material readily equable of secondary election 
emission, or a material readily capable of emitting electrons 
by electron bombardment and having strong thermal resis- 
tance and corrosion resistance, as exemplified by metals 
such as W, H. Au, Ag. Cu. Cr, Al and Pt, oxides such as 
SnO^. lUjOj, BaO and MgO. or carbon or a mixture of any 
of the above, each having a low work function and high 
thermal resistance, utilizing vacuum dq>osition, coating, 
sputtering deposition, dipping, or the like process. 

Alternatively, it may comprise a thin coating comprising 
superfine particle powder of metals as exemplified by Au. 
Ag. Cu, Cr and AL or can be also formed by arranging 
electron-emitting bodies 3b at the side face of the insulating 
layer 5 comprising a thin ooatiiig of the material as described 
for the above electron-emitting layer 3a. (Utilizable coating 
methods include spreading, all sorts of vacuum deposition, 
and dipping,) 

Electrode spacing 6 in FIG. 1 and FIG. 2 somewhat 
differs, but in approximation may desirably be formed in 
from several ten angstroms to several ^m, preferably from 
several ten angstroms to 2 fmi, and more preferably from 10 
angstroms to 1 ^hl 
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An outline of a method for preparing the electron-emitting 
device illustrated in FIG. 2 will be described below. 

An insulating layer 5 is formed on a substrate 4. and a 
stepped portion is formed by patterning. Thereafter the 
electrodes 1 and 2 arc simultaneously formed into films so 
that the stepped portion may not be covered by the 
electrodes, thus forming the electrode spacing 6. 
Accordingly, the electrode spacing 6 dq>cnds on thickness 
of the electrode formed at the stepped portion set with the 
film thickness of the insulating layer 5. The film formation 
of this electrode is carried out usuaUy by using vacuum film 
formation or a simflar process, so that it is possible to control 
the film thickness in high precision. Thus, for the electrode 
spacing 6. small spacing of several ten angstroms can be 
readily obtained in high precision. 

The stepped portion at which the electrode spacing 6 is 
formed can also be obtained by pattern etching of the 
substrate 4 itself, without using the insulating layer 5. There 
is also available a method in which the electrodes 1 and 2 arc 
formed on this stqjped portion to obtain an electron-emitting 
device. (See FIG. 7.) 

Taking the structure that a pair of the electrodes opposing 
each other have no mutual overlap as illustrated in FIG. 2 
can bring about a more superior electron-emitting device 
suffering less increase in driving power consumption that 
may be otherwise caused by increase in the electrical capac- 
ity at the part at which the electrodes overlap, less delay of 
driving electric signals, and less influence by dielectric 
strength or pinholes of the insulating layer. 

On the other hand, the electron-emitting device having the 
structure as shown in FIG. 7 makes it unnecessary for the 
electrodes to be held by the insulating layer, and makes it 
possible also to obtain the spacing of the opposing elec- 
trodes by utilizing the stepped portion, so that if, for 
example, the electrodes-supporting substrate itself is etched 
to ix-ovide the stq>ped p<xtion, there is given an electron- 
emitting device that can be obtained without formation of 
any insulating layer, making simple its preparation pro- 
cesses. 

The electron-emitting device of the present invention may 
fiixtber have the structure as shown in FIG. 4. 

In PIG. 4, the numerals 1 to S denote the same as tnose 

in FIG. 3, In the present figure, the numeral 8 denotes an 
intermediate layer, whidi is disposed between the insulating 
layer 5 and the electrode 2 to constitute a multi-layer 
electrode. The intermediate layer 8 plays a role to faring 
about the effect of preventing sputtering damage caused by 
electrons or ions in the electrode 2, or the effect of bringing 
electrons to more readily emit. As the intermediate layer 8, 

high-melting materials as exemplified by W, LaB,. carbon, 

nC and TaC may be used to make small the spuoering 
damage, and materials having a low work function as 
exemplified by SnOj. InjO,. LaB^* BaO. CS and CSO may 
be used to achieve inqn-ovement in electron emission effi- 
ciency. 

There may be also used a laminate, or a mixture, com- 
prising these both materials. Of course, similar effect can be 
otnained also when the intermediate layer 8 is provided on 
the electrode 1 to give a multi-layer electrode. Further, when 
both the electrodes are made to comprise the multi-layer 
electrode, suitable materials for the intermediate layer 8 can 
be selected for each electrode. Also, a laroitiate comprising 
an insulating layer 5a an electron-emitting layer 3a and an 
insulating layer Sb may be made to comprise a multi-layer 
laminntff constituted for example, an insulating layer Sa. 
an electron-emitting layer 3o. an insulting layo* 56. an 




cicctron-cniitting layer 3a, an insulating layer 5a. and an 
electron-emitting layer 3a. At least one layer <rf the multi- 
layer electrodes, as exemplified by the electrode 2 in RG. 4, 
may further preferably be comprised of a material having a 
high electrical conductivity. This is because the mat<T ia| ^ for 
the intennediate layer 8 are materials having relatively low 
electrical conductivity as fw electrode wiring materials. 

An excessively high wiring resistance of a device may 
cause an increase in the power consumption or a delay in the 
driving signals, resulting in undcsirablencss in driving the 
device. For this reason, the marwnau having high electrical 
conductivity is used in the electrode 2 to kcq> to a low level 
the wiring resistance of the whole multi-layer electrode. 
Usable as the materials having high electrical conductivity 
are Ag, Al, Cu. Cr, Ni, Mo, Ta, W. etc. 

In FIG. 4, when the electron-emitting layer 3a comprises 
the' material suffering less sputtering damage or having a low 
work function, the intermediate layer 8. or the electrode 1 
and the intermediate layer 8. may be formed with use of the 
same materials as in the electron-emitting layer 3a. 

The present invention further provides an electron- 
emitting device having a device structure whci^in an insu- 
lating layer is fcaroed between electrodes opposing each 
other, and fine particles are contained in said insulating layer 
and at the same time arranged in a dispersed state. 

Taking the above described device structure of the present 
invention not only can solve the problems in the prior art 
previously discussed, but also can provide an electron- 
emitting device capable of obtaining an emitted electric 
current of high density by using a low electric power and 
also capable of controlling the island spacing, island size of 
the islands previously mentioned. This electron-emitting 
device will be described below with reference to the draw- 
ings. 

In FIG. 8, provided on a substrate 4 such as glass and 
ceramics is an insulating layer 11, and further thereon 
electrodes 1 and 2 comfmsed of low-resistance materials for 
use in voltage plication are provided giving minute spac- 
ing to form a discontinuous electron-emitting region 10 
comprising fine particles 9 dispersed between them. Though 
not shown in the drawing, a space is taken at an upper area 
of the electron-emitting region to provide there a lead-out 
electrode for leading out emitted electrons. Application of 
voltage between the electrodes 1 and 2 in vacuo (this voltage 
is assumed as brings about flow of electricity between 
the electrodes to apply voltage using the lead-out elec- 
trode as the anode, so that electrons are emitted from the 
electron-emitting region in the direction substantially verti- 
cal to the paper surface in the drawing. (The electric current 
for this electron emission is assumed as I^). 

FIG. 9 and FIG. 10 diagrammatically illustrate cross 
sections in the A-B direction in FIG. 8. In the present 
figures, the fine particles on the substrate 4 may preferably 
have a particle diam^cr of from several ten angstroms to 
several jim. and the spacing between respective fine particles 
may further preferably be formed in the range of from 
several ten angstroms to several ^m. 

Materials for the fine particles used in the present inven- 
tion may cover a very wide range, and almost all of 
conductive materials including usual metals, semimeials and 
semiconductors. Particularly suitable are usual cathode 
rnatcrials having properties such as low wwk function, a 
higji melting point and low vapor pressure, thin film mate- 
rials capable of forming the surface conduction electron- 
emitting device by the conventional forming treatment, and 
matm'als having a large coefBdent of secondary electron 
emission. 
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Appropriate materials may be seleaed from sue* mate- 
rials aocording to purposes aod used as the fine particles, so 
that a desired electron-emitting device can be fcrmed. 

Specifically, they may include, for example, borides such 
as LaB^. CeB^ YB^. and GdB^. carbides such as TIC ZiO 
HfC. TaC SiC and WC nitrides such as TIN. ZrN and HfN. 
mewls such as Nb. Mo. Rh. Hf. Ta. W, Re. Ir. Pi. Ti, Au. Ag. 

Cu, Cr. AL Co. NL Fc. Pb. Pd. Cs and Ba. metal oxides such 
as In^Oj. Sn02 and SbjOj. semiconductors such as Si and 
Ge. carbon, and AgMg. The present invention is by no 
means limited by the above materials. Moreover, in the 
present invention, it may also be practiced to select dififerent 
niatcrials among the above materials and disperse fine 
particles of two or more kinds of different materials. 

A method for preparing the device illustrated in FIG. 8 
will be described below. 

FIG. 11 (1) to (5) illustrate cross sections of a device for 
each prq>aration step. 

(1) The surface of a substrate 4 comprised of glass cr 
ceramics is degrcased and cleaned. 

(2) An insulating layer 11 comprised of low-melting point 
glass is formed into a film on the surface of the 
substrate 4 according to liquid-coating baking, printing 
baking, vacuum deposition, or the like process. Desir- 
able as materials for the low melting point gifl« arc 
those having a softening point temperature lower than 
the distortion point temperature of the substrate and at 
the same time having a coefficient of thermal e;q)ansion 
close to that of the substrate. In general, a lead oxide 
type low melting glass has a softening point of about 
400* C. and also has a coefficient of thermal expansion 
close to the coefficient of thermal expansion of a soda 
lime glass substrate generally used. The insulating 
layer 11 may desirably be formed to have a thickness in 
the range of from several ten angstroms to several ten 
Mm in approximatioiL 

(3) On the insulating layer obtained in (2). electrodes 1 
and 2 are formed according to vacuum deposition, 
photolithoetcfaing. lifting-off, printing, or the like pro- 
cess. 

Usable as electrode materials are the same materials as 
those described in relation to FIG. l.Le. Au,Ag,Cu,Mo,Cr. 
NL AL Ta, Pd and W, or an alloy of any of these or carbon, 
etc, and the electrodes 1 and 2 may also suitably have a 
thi c kness of from several hundred angstroms to several pm. 
preferably from 0.01 to 2 ^m. 

As to the dimension of electrode spacing L, the electrodes 
may suitably oppose eadi other with a space of from several 
hundred angstroms to several ten //M, and spacing width W 
may suitably be ^ipraximately from several ^m to several 
mm. However, they are by no means limited to these 
dimensions. 

(4) Next, the fine particles 9 are coated on the electrode 
gap region obtained in (3). A dispersion of fine particles 
are used in the coating. Fine particles and an additive 
to pronKsce dispersion of the fine particles are added in 
an OTganic solvent comprised of butyl acetate, alcohol 
the like, followed by stirring or the inr^ to fH'epare the 
di^KTsion of fine particles. This fine particle dispersion 
is coated on the surface of a specimen aocording to 
dipping, spin coating or the like process, and then 
calcination is carried out f<»- about 10 minutes at a 
temperature at which the solvent or the tii^p may be 
cv^>orated, for example, at 250^ C Thus the fine 
particles are arranged on the surface of the insulating 
layer 11 in the electrode ^cing L. Of course, the fine 




10 

panicles 9 are arranged on the whole surface of the 
specimen, but no difficulty is brought about as there is 
applied substantially no voltage to the line particles 9 
outside the electrode spacing L when electrons are 
emitted. This is accordingly not shown in the drawing. 
Arrangement density of the fine particles 9 may vary 
depending on the coating conditions and how to pre- 
pare the fine particle dispersion, and the amount of 
electric cuirents flowing to the electrode spacing L may 
also vary in accordance with this. In addition to the 
above formation by coating, also available as a method 
for dispersing the fine particles 9 to the electrode gap 
region obtained in (3) is. for example, a method in 
which a solution of an organic compound is coated on 
the. substrate followed by thermal decomposition to 
form metal particles. In regard to materials feasible for 
vacuum deposition, the fine particles can be also 
formed by control of vacuum deposition conditions 
such as substrate temperature or by a means like 
vacuum deposition such as masked vacuum deposition. 
(5) After this, the specimen obtained through the steps up 
to (4) is heated to a temperature higher than the 
softening point of the low-melting glass constituting 
the insulating layer 11. for example, to 450"* C. if it is 
the lead oxide type low-melting glass, to carry out 
baking for about 20 minutes. By this procedure, the fine 
particles 9 arranged on the insulating layer 11 com- 
prised of the low melting glass penetrate into the 
low-melting glass, resulting in being included (or 
enclosed) into the insulating layer 11. or included to the 
extent that at least part of a particle is exposed from the 
insulating layer 11. and then fixed there. 
Whether the fine particles 9 are brought into the state that 
ail of them are included into the insulating layer 11 or the 
state that only part of a particle penetrates into die insulating 
layer 11 in the state that the surface remains exposed, may 
be adjusted by selecting the baking temperature in the step 
(5). 

The higher the baking temperature is. the more readily the 
fine particles 9 are penetrated deeply into the insulating layer 
11. and are included and fixed. A lower baking temperature 
may make it difficult for the fine particles 9 to penetrate into 
the insulating layer U. and tend to make them fixed in the 
exposed form. 

Some of the materials such as Pd listed in the above 
embodiment may be covered on their surfaces with oxide 
films as a result of heating in the above step (5). resulting in 
decrease in the amount of the electric current flowing to the 
electrode spacing L. Therefore, a step of pickling to remove 
the oxide film may be introduced if necessary. 

In the present invention, the device may also be formed by 
bringing the fine particles 9 to be completely included into 
the insulating layer 11 and thereafter carrying out etdiing to 
bring part of each particle to be e:q>osed. 

Not only the device prepared according to the above 
prq>aration steps, having the structure as illustrated in FIG. 
11. but also the devices having the structure illustrated in 
FIG. 12 and FIG. 13(a) and {b) can also exhibit good results. 
Preparation processes in FIG. 15 will be described- 
Electrodes 1 and 2 are formed on a substrate 4. on which 
a fine particle dispersion or a dispersion prepared by mixing 
low-melting Mt glass into an organic metal compound 
solution is coated in the vicinity of the electrode spacing 
region L, followed by baking at a temperature higher than 
the softening point of the low-melting frit glass crystalline 
melting point to bring the fine particles to be included into 
an insulating layer 11 comprised of the low-melting glass, or 
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bring az least pan thereof to be exposed, and then fixed. 
Here, die baking ten^xrature set to a hi^cr degree (as 
exemplified by 650° C. enables the smoothing of the insu- 
lating layer 11 to make a continuous film. 

In the figure, die insulating layer 11 may preferably be 
formed to have a film thickness of from several ten ang- 
stroms to several pm in approximation. 

Here, a liquid coating insulating layer (as exemplified by 
Tokyo Ohka OCD. a SiO^ insulating layer) may be used in 
place of the low-melting frit glass. 

In the instance where the liquid coating insulating layer is 
used, it is also possible to obtain the electron-emitting device 
of the present invention in the following manner First the 
insulating layer 11 containing the fine particles 9 is built up 
on the substrate 4 according to liquid coating. Namely, it can 
be obtained by coating the fine particles mixed and dispersed 

in a liquid coating preparation, on a substrate by spin 
coating, dip coating or the like. 

Next, electrodes are formed on the insulating layer 11 
according to the above {H'ocesses such as vacuum deposition 
to make up an electron emission device. 

Taking said process, the fine particles are coated on the 
substrate in the state that they are mixed and dispersed in the 
liquid coating preparation or the like for obtaining the 
insulating layer, and therefore, even after the coating and 
baking, they remain dispersed in a good state in the film 
formed by coating the liquid coating preparation for obtain- 
ing the insulating layer. Accordingly, the fine particles suffer 
less agglomeration, and can be uniformly diispersed in the 
insulating layer obtained by the liquid coating preparation. 

Also, since in the present structure the insulating layer 
containing fine particles is first formed on the substrate, the 
substrate surface before formation of the insulating layer is 
usually a uniform surface without any particular pattern or 
roughness. Acc<H'dingly. since the insulating layer contain- 
ing the fine particles in its uniform surface is fonned by 
coating and baking, there is no non-uniformity in the film 
thickness or fine particle dispersion owing to coating uneve- 
ness at the part of the pattern or roughness, so that a support 
layer in which the fine particles are dispersed can be 
unifoimly formed on the substrate surface. Obtaining the 
insulating layer that is unifonn like this can make small the 
iiregularity or the like in device characteristics when a 
number of electron-emitting devices are provided on the 
same substrate. 

Moreover, although in the present structure an in-air 
heating step at about 400° C. or more becomes necessary, for 
example, when the oxide type insulating layer is fonned 
using the liquid coating preparation, die electrodes them- 
selves do not pass dirough the heating step because the 
insulating layer formation heating is carried out before 
formation of the electrodes. Therefore, no account is 
required to be taken fot the thermal oxidation of electrodes 
or thermal diffusion with respect to the insulating layer, thus 
enabling expansion of the range of selection for electrode 
materials. 

Accordingly, die materials may be apprc^ately selected 
depending on the conditions sudi as dielectric strength, 
thermal resistance, workability, oxidation resistance, life, 
specific resistance, and amount of electric current that can be 
taken out The materials for the insulating layer may include, 
as previously described. SiO^. MgO. TiO^, Ta205 and 
Al,0,, or a laminate or mixture of any of these. The filnri 

thickness may be from about 10 angstroms to several \im or 
so. which is the thickness necessary for the fine particles 9 
to be dispersed and fixed. 

The electron-emitting device may also have the structure 
as illustrated in FIG. 13. 
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Id the electroo-^mitting <levice iUustraced in FIG. 13. a 
fine panicle dispersion prepared by mixing the low-melting 
£rit glass for the insulating layer 11 is coated (here, carried 
out in the same manner as described in relation to FIG. 12). 
and thereafter the insulating layer 11 is formed into a 
discontinuous island-shaped film by setting the baking tem- 
perature to somewhat lower degree (for example, about 5(X)° 
C). 

In the electron-emitting device illustrated in FIG. 13. the 
insulating layer U does not entirely cover the electrode 
spacing L as so illusxrated in the figure, so that it takes the 
form that the electrode ends of the electrodes 1 and 2. on the 
side of the electrode spacing L. i.e.. the part at which a 
higtiest electric field is generated, is connected with the 
surface and inside of the insulating layer 11. For this reason, 
the degree of freedom of the electric current flow path 
becomes greater, so that the amount of electric current 
flowing between the electrodes can be more increased than 
the device of FIG. 12. 

Both the electron-emitting device of FIG. 12 and the 
electron-emitting device of FIG. 13. in which the insulating 
layer and the fine particles can be formed simultaneously, 
have the advantage that the preparation st^s can be sim- 
plified. 

The electron-emitting device of the present invention may 
further comprise a device having the structure as illustrated 
in FIG. 14(5). 

In FIG. 14. the numeral 4 denotes a substrate; 1 and 2. 
electrodes: 9. fine particles; and 11. an insulating layer. 

FIG. 14 (1) to (5) illustrate cross sections of a device for 
each preparation step. 

1) The surface of the substrate 4 is degreased and cleaned. 

2) The electrodes 1 and 2 are formed in the same manner 
as in (3) in FIG. 11. 

3) The fine particles are dispersed in the same manner as 
in step (4) in FIG. 11. 

4) The insulating layer 11 is formed by a method of EB 
vacuum deposition, sputtering, or vacuum deposition 
such as plasma CTVD. heat CVD or the like process. 
Usable as materials for the insulating layer 11 are 
oxides such as SiOj and AljOj, nitrides such as Siylf^. 
carbides such as SiC and HC. as well as glass obtained 
by vacuum deposition or solution-coated baldng. and 
insulatin g laycrs oon^Jiising organic polymers such as 
polyimides. Also, the layer 11 may desirably have a 
film thickness of from several 10 angstroms to several 
^m. Here, in general, the insulating layer U is depos- 
ited also on the surface of fine particles 9. and so 
deposited that the particle diameters of the fine particles 
9 may produce convexes. 

The electron emission device prepared according to the 
above steps 1) to 4) can serve as a device having far superior 
characteristics as compared with the converittonal device 

prq>ared using the forming. In the electron-emitting device 
of the present invention, even the device obtained according 
to the steps I) to 4) can exhibit sufficiently good 
characteristics, but more preferred is a device ^>plied with 
the following step 5). since the extent of e:q>osure of the fine 
particles fixed in the insulating layer can be made adjustable 
by adjusting the deposit thickness of the insulating layer and 
the amount of etching, and furthermore it becomes possible 
to control the electric current between electrodes and also 
control the amount of electron emission. 

5) Etching is applied on the surfaces of the convexes of 
the insulating layer 11 obtained in 4). For example, ion 
milling may be carried out in the state that the specimen 
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is obliquely set. so that the surfaces of the convexes of 
the insulating layer 11 arc etched. As a result, there is 
given the structure that part of each fine particle 9 is 
exposed from the insulating layer 11 at the etched 
portions and also fixed in the insulating layer 11. 
In addition, in the above stq>s 1) to 5), the low-melting 
glass may be used as the material for the insulating layer 11 
and. after step 5) in FIG. 14. the specimen may be baked at 
a teroperatUFC higher than the softening point of the low- 
melting glass, so that the fine particles 9 can be further firmly 
fixed in the insulating layer 11 comprised of the low-melting 
glass. This makes it possible to provide a further stable 
electron-emitting device. 

The electron-emitting device of the present invention may 
also comprise those as illustrated in FIG. 15 (a) and {b) and 
FIG. 16 (fl) and (6). 

In FIG. 15. the numeral 12 denotes a substrate comprising 
metals 13 such as Ag. Ba, Pb. W and Sn or metal oxides 13 
such as BaO. PbO and SnOj deposited in porous glass. The 
numerals 1 and 2 denote electrodes provided on the sub- : 
strate. 

Usable as the above porous glass arc Vycor glass available 
from CcMrning Glass Works or porous glass MPG available 
from Asahi Glass Co., Ltd.. and those having a pore size of 
from 40 angstroms to 5 ^m. more preferably having a pore 
sire of from 100 angstroms to 0.5 |im. Fine particles of 
metals or metal oxides of the size equal to or smaller than the 
pore size are dq>osited in the pores. The p'esent embodi- 
ment may not be limited to the porous glass, and may be 
worked using those obtained by toughening the glass surface 
with an aqueous hydrofluoric add solution or other porous 
insulating substrates. 

Bringing metals to be deposited and fixed in the pores of 
porous glass can be achieved by commonly available meth- 
ods as exemplified by a method in which porous glass is 
impregnated with an aqueous solution of a nitrate such as 
A^Oj, Ba(N03)2 and PbNOj or an aqueous stilfiiric acid 
solution, followed by drying and thereafter baking in a 
reducing atmosphere. To dq>osit the metal oxides, the 
deposited metals may be baked at a suitable tcmperatin-e and 
in an atmosphere of oxygen. 

In bringing the metals or metal oxides to be projected 
from the surface of porous glass, the glass surface may be 
treated for I minute with a hydrofluoric add solution, 
followed by washing and drying. A desired substrate 12 can 
be thus prepared. 

The above substrate 12 may more preferably have a 
thickness of 0.5 \un or more because of the roughness on the 
surface of porous glass. 

In FIG. 16. the numeral 14 denotes a glass substrate 
conomonly called as colored glass, uiiicfa is glass that 
contains metal colloid fine particles 15. The numeral 1 or 2 
denotes an electrode provided on the substrate. The m^ 
ooUoid fine partides in the colored glass may suitably have 
a particle diameter of from 20 angstroms to 6,000 [angsnomsl 
angstroms , more desirably from 100 angstroms to 2,000 angstroms. 

Also, the density of the fine particles, though variable 
depending on the particle diameter or materials for the fine 
particles, may suitably be in sudi a state that partides arc 
spatially apart and electrically coimected in the vicinity of a 
drive voltage. To make sudi colored glass, it can be readily 
pr^ared by a commonly ofren used technique, namdy. a 
method in which colorant raw materials sudi as AUQ3 and 
AgN03 are dissolved in main components of the glass, 
whidi is then subjected to heat treatment for 10 to 20 
minutes at temperatures of from 600* C to 900* C to 
deposit gold coUoid or silver colloid fine partides in the 
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glass. In the substrate prepared according to sucfa a com- 
monly available method, the m«al fine particles arc litde 
deposited out of the glass surface, and therefore have good 
smoothness of the substrate surface on which the electrodes 
are formed, thus bringing about the advantage that the 
electrodes in this device can be made to have a smaller 
thickness. 

In this device, after the metal fine particles were deposited 
in the glass, the substrate surface may also be treated with 
an aqueous hydrofluoric acid solution in the same manner as 
in the device described in relation to the above FIG. 15 so 
that the metal colloids may be protruded in a large number 
from the glass substrate surface, thus obtaining the effect as 
aimed in the present invention. 

The present invention further provides an electron- 
emitting device characterized by a device structure, com- 
prising a scraiconductcx- layer fOTncd between opposing 
electrodes, and fine particles fiirthcr arranged in a dispersed 
state on said semiconductor layer. 

In the electron-emitting device of the present invention, 
application of a voltage between the electrodes brings about 
emission of electrons from the fine particles which are 
conductive. 

Taking such a device structure not only can solve the 
problems involved in the prior art previously discussed, but 
also can provide an electron-emitting device capable of 
obtaining emitted electric currents with a low electric power 
and in a high density. 

Description will be made below op ^f; Ha^i<; nf Tin 17 



I In the l&gure. electrodes 1 and 2 are provided on a 

M-'^./v^/^ substrate 4?^ving minute spacing to form a discontinuous 

clectron-emiping region comprising fine particles 9 dis- 
^ o pcrscd betwicll them. The numeral 16 denotes a semicon- 

ductor layer f orated at least at an electrode spacing recion L. 



Fig. 18 is a diagrammatical cross-section in the C-D 
direction in FIG. 17. In the figure, the kind, particle diameter 
and spacing between fine particles on the substrate 4 arc as 
described in relation to FIG. 8. 

A method for preparing of the device illustrated in FIG. 17 
will be described below. 

• FIG. 19 (1) to (3) illustrate cross-sections of a device for 
each preparation step. ^^^^ 



(1) The^urface of a substrate 4 comprised of g 
ceramu^ is degreased and cleaned. 

(2) On th^insulating layer obtained in (1), clectrc 
and 2 ar\ formed according to vacuum depoi 
photolithoe^ching. lifting-off. printing, or the like 
cess. 

(3) Next, the fin\particlcs 9 arc coated on the elect 
gap region obtamed in (2). A dispersion of fine part 
are used in the^dS^l^ig. Fine particles and an org 
binder to pronnt^^spcrsion of the fine particles are 
added in an organic^lvent comprised of butyl acetate, 
alcohoL ketone or thfe like, followed by stirring or the 
iHrg to prepare the dispersion of fine particles. Usable 
as the organic binder m butyral resins, acrylic resins, 
vinyl chloride- vinyl acemte copolymers, phenol resins, 
nylons, polyesters and urfethanes. 



Here, an example ot methods for prq>aring the dispersion 
of the fine particles is set out below. 
Fine particles, SnO] 1 g 

(fine particle diameter 100 to 1.000 angstroms) 

Organic solvent, MEK (methyl ethyl ketone): 

cyclohc3une:=3:l 1.000 cc 

Organic binder, butyral 1 g 
The above materials were stirred in a paint shaker for three 
hours with glass beads to make a dispersion. 
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This fine particle dispersion is coated on the surface of a 
specimen according to dipping, spin coating or the i*^^ 
process, and then baidng is carried out for about 10 minutes 
ai a temperature ax which the solvent or the like may be 
evaporated and also the organic binder is carbonized to give 
a semiconductor layer, for example, at 280** C. Thus the 
semiconduacr layer 16 and the fine particles 9 are arranged 
in the electrode spacing L. Of course, the semiconductor 
layer 16 and the fine particles 9 are arranged on the whole 
surface of the specimen, but no difficulty is brought about as 
there is applied substantially no voltage to the semiconduc- 
tor layer 16 and the fine particles 9 outside the electrode 
spacing L when electrons are emiaed. Thickness of the 
semiconduacr layer 16 and arrangement density of the fine 
particles 9 may vary depending on the coating conditions 
and how to prepare the fine particle dispersion, and the 
amount of electric currents flowing to the electrode spacing 
L may also vary in accordance with this. 

In addition to the above formation by coating, also 
available as a method for dispersing the fine particles 9 to the 
electrode gap region obtained in (2) is. for example, a 
method in which a solution of an organic compound is 
coated on the substrate followed by thermal decomposition 
to form metal particles. As an example, a solution is pre- 
pared using materials shown below: 

Fine particle material: Pd organic metal compound 
(weight calculated as Pd metal) 

3g 

Organic solvent: Butyl acetate 1.000 g 

Organic binder: Butyral 1 g 
This Pd organic metal compound solution is coated, fol- 
lowed by heating, so that the fine particles 9 comprising Pd 
and the insulating layer 16 can be obtained. 

The semiconductor layer 16 comprises a film mainly 
constituted of the carbon obtained by the baking. This is a 
semiconductor layer having an electrical q)ecific resistance 
of about 1x10"^ ohnLcm or more. 

In the specimen obtained according to the above steps, the 
thickness of the semiconducK^ layer 16 becomes smaller 
than the particle diameter of the fine partides 9. In other 
words, it has the structure that the fine particles 9. though 
embedded in the semiconductcff layer 16, are fixed in die 
manna that they arc partly protruded. (FIG. 18) 

In the embodiment having been described above, the fine 
particles 9 have the structure that they protrude from the 

semiconductor layer 16. Here, the fine particles 9 may be 
covered with a carbon film obtained by further coating only 
die organic binder solution on the surface of this device 
followed by baking, so that there can be given the structure 
that the fine particles 9 are included into the semiconductor 
layer 16 as illustrated in FIG. 20. 

The ratio of carbon to fine particles in the coating solution 
may be changed to increase the carbon, and also the amount 
of coating may be increased, so that there can be also given 
the structure that the fine particles 9 are included into the 
semiconductor layer 16 or at least part thereof has protruded 
fi-om the semiconductor layer as illustrated in FIG. 21. 

The devices having been described above has the feature 
that the production steps can be simplified since the semi- 
conductor layer 16 is formed in the same step as for 
arrangement of the fine particles 9. 

It is also possible to prepare the semiconductor layer 16 
from noatcrials other than the carbon, namely, semiconductor 
materials obtained by coating or printing and baking, as 
exemplified by a solution containing Si. Gc. Se or the like. 
Accordingly, a semiconductor layer having desired charac- 
teristics can be obtained by selecting the conditions for the 
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prq)aratioQ and coating of the solution of these materials 
and for the baldng. Also in using these semiconductor layers, 
there is retained the feature that the fine panicles can be 
arranged in the same step. 

The electron-emitting device of the present invention may 
also comprise an electron-emitting device having the struc- 
ture as shown in FIG. 22. 

A method of preparing the eleciron-emining device itlus- 
trated in FIG. 23, 1) to 4} will be described. Cross-sections 

of a device are illustrated ia succession to describe below an 
example of the preparation method. 

1) The surface of a substrate 4 is degreased and clcancd. 

2) On the substrate obtained in 1). formed is a scmicon- 
duaor layer 16 obtained by vacuum deposition, coaling 
or printing and baking. 

Usable as the above semiconductor layer are an amw- 
phous silicon semiconductor film or crystallized silicon 
semiconductor film obtained by vacuum deposition, a com- 
pound semiconductor film, and a semiconductor film 
obtained by coating or printing and baidng. 

Fot example, there can be formed a hydrogenatcd amor- 
phous silicon (A-Si:H) semiconductor layer obtained by 
plasma CVD. This semiconduaOT layer has a film thickness 
of approximately fi-om 50 angstroms to 10 \mL 

3) Electrodes 1 and 2 are provided in the same manner as 
in (2) in no. 19. 

4) Fine paifkles 9 are provided in the same manner as in 
(3) in FIG\19- It is preferred to decrease the amount of 
carbon in me coating solution or reduce it to zero to 
make small the thickness of the carbon film semicon- 
ductcx- layer K)rmed at the electrode spacing region L. 
This is bccaus^he effect of the semiconductor layer 18 
can be better/^(ought out by allowing an electric 
current l^flovA^^to the electrode spacing L to flow to 
the semiconducto^laycr 16 and the fine particles 9 as 
much as possib le. \ 

— In the device having sucn structure, it is also possible to 
use fine particles feasible for vacuum deposition. With a 
material applicable to vacuum deposition, the fine particles 
can be formed by control of vacuum deposition conditions 
such as substrate temperature or by a means like vacuum 
deposition such as masked vacuum deposition. 

In the electron-emitting device obtained according to the 
above 1) to 4), the semiconductor layer and the fine particles 
are each formed in a separate step, resulting in a greater 
degree of freedom in the conditions for forming the semi- 
conductor Idyer. Accordingly, it becomes more possible to 
adjust diaracteristics of the semiconductor layer 16. For 
example, changing the amount of an impurity dope and 
selecting suitable conditions for formation in fcrming a 
semiconductcH- makes it able to readily adjust the electrical 
resistance of the semiconductor layer 16. Accordingly, it 
becomes feasible to adjust the amount of the electric current 
Inflowing to the device, thus bringing about the feature that 
it becomes feasible to adjust the drive voltage of the device. 

In the electron-emitting device of the present invention, 
the substrate itself may also comprise a semiconductor 
substrate that replaces the semiconductor layer 16. FIG. 24 
illustrates a cross section of the device of this embodiment 
As the semiconduaor substrate 17, there can be used sub- 
strate materials having desired characteristics, as exempli- 
fied by Si wafers. Usable as methods for obtaining the 
semiconductor substrate having the desired characteristics 
are ion implantation to a semiconductor substrate or insu- 
lator substrate and the like methods. 

This method enables adjustmeiU of the specific resistance 
only at desired areas on the same plane. For this reason, in 
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instances where eiectron-emlaiog devices are integrated in a 
high density, the leaiLage current among adjacent devices can 
be made small and the crosstalk can be decreased. Because 
of the arrangement on the same plane, this method further 
has the feature that no trouble such as disconnection may 
occur owing to poorness in step coverage on the stepped 
ends of the electrodes, 

FIG. 25 is a cross section explanatory of still another 
electron-emitting device of the present invention. The 
respective materials are constituted in the manner as 
described above, but in the preparation steps the semicon- 
ductor layer 16 is formed after the electrodes 1 and 2 and the 
fine panicles 9 were formed. Thus the fine particles 9 arc 
made to be included into the semiconductor layer 16 and 
fixed there. The surface of the semiconductor layer is 
thereafter shaved ofif by etching to give the structure that the 
fine particles 9 arc fixed in the state that they protrude from 
the semiconduaor layer. 

FIG. 26 (1) to (5) successively illustrate cross-sections of 
a device to explain the preparation steos of the electron- 
emitting device illustrated in FIG. 5. An example of the 
preparation method will be described below. 

(1) The surface of the substrate 4 is degreascd and 
washed. 

(2) Electrodes 1 and 2 are provided in the same manner as 
in FIG. 19(2). 

(3) Fine particles 9 are provided in the same manner as in 
FIG. 19(3) (preferably using a dispersion containing no 
organic binder). 

(4) A semiconduaor 16 is formed in the vicinity of the 
electrode spacing region L. Here, in general, the semi- 
conductor layer is deposited also on the surface of the 
fine particles 9. and so deposited that the particle 
diameters of the fine particles 9 may produce convexes. 

(5) Etching is applied mainly on the surfaces of the 
convexes of the semiconductor layer 16 obtained in (4). 
For example, ion milling may be carried out in the state 
that the specimen is obliquely set so that the surfaces 
of the convexes of the semiconductor layer 16 are 
etched. As a result, there is given the structure that part 

of each fine particle 9 is exposed from the semicon- 
ductor layer 16 at the etched portions and also fixed in 
the semiconduaor layer 16. 
If alternatively the etching step is not applied, there is 

given the structure that the fine panicles 9 are inciuded into 

the semiconduaor layer 16. 

In all the embodiments having been described above, the 
semiconduaors and fine particles arc arranged in the elec- 
trode spacing region formed on a plane substrate, but the 
present invention is by no means limited to these forms. 

For example, the electron-emitting device may take the 
form as shown in FIG. 1. i.e.. the vertical type one. (See FIG. 
27.) This is a device in which the electrodes 1 and 2 are each 
formed on the other side of a stq>ped portion of the 
insulating layer 5 on the substrate 4. 

The present invention particularly ftuihcr provides a 
device in which the electrodes disposed in the electron- 
emitting device as illustrated in FIG. 8 are made to be 
disposed as in the vertical type as shown in FIG. 1. Lc an 
electron-emitting device coixq>rising a substrate provided 
thereon with an insulating layer in which fine particles are 
dispersed, a stq^ped portion formed at an end portion of the 
insulating layer on the top surface of the substrate, and an 
electrode provided each on the top surface <^ said insulating 
Layer and on the top surface of said substrate; an end of each 
electrode being positioned at an upper end or lower end 
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said stepped portion in such a manner that at least part of the 
sidcwall face at the stcpp>cd portioa, of the end portion of 
said insulating layer in which the fine particles are dispersed 
may not be hidden; and electrode spacing being formed 
between said electrode ends, where electrons arc emiaed by 
applying a voltage b^ween these electrodes [FIG. 28 (C)|. 

In FIG. 28 (fl), (b) and (c). the numerals 1 and 2 denote 
electrodes for obtaining electrical connection; 4. a substrate: 
9. fine particles; 5. an insulating layer containing the fine 
particles in a dispersed state; and 6. an electrode spacing. 

In FIG. 28 (C), the electron-emitting device of the present 
invention is a device such that the fine particles 9 dispersed 
in the insulating layer 5 forming a stepped portion arc 
arranged at the electrode spacing 6 formed between the 
electrodes 1 and 2 whose end portions oppose each other 
(but without overlap) at the stepped portion, where electrons 
arc emitted from the fine particles 9 by applying a voltage 
between the electrodes 1 and 2. 

An example of preparation methods will be described 
below in relation to FIG. 28 (a), (6) and (c). 

First, the insulating layer 5 containing the fine particles 9 
is buOt up on the substrate 4 by liquid coating or a like 
process [see FIG. 28 (a)]. 

Next, the insulating layer 5 is etched by photolithoetching 
so that a stej^d p<^on is given substantially at the middle 
portion of the substrate 4 (sec FIG. 28 (b)]. 

Then the electrodes 1 and 2 are deposited on the insulating 
layer 5 and the substrate 4 in such a manner that at least part 
of the sidewall of the stepped portion may not be hidden, 
thus f€MTning the electrode spacing 6 (see FIG. 28 (c)]. 

The electron-emitting device of the present invention can 
be obtained according to the above process. The present 
device may be placed in a vacuum container, a voltage may 
be applied to the electrodes 1 and 2, and a lead-out electrode 
plate (not shown) may be disposed so as to oppose at the top 
surface of the device, to which a high voltage is applied, 
whereupon electrons are emitted &om the vicinity of the 
electrode spacing 6. 

In this figure, the materials for and thiclcncss of the 
electrodes, materials for the fine particles concerned with the 
electron emission and matm'als for and thickness of the 
insulating layer are as described in relation to FIG. 1. 

It can be confirmed that an electron -emitting device corn- 
icing electrodes 1 and 2 formed partly ovcrl^iping as 
illustrated in FIG. 29 (c). though having a slight difference 
in the electrode ^cing. can also give good results. 

In the device iUustrated in FIG. 29 (c). an electrode 1 is 
first deposited and formed on a substrate 4 [sec FIG. 29 {a)]. 
Thereafter an insulating layer 5 containing fine particles 9 
and an electrode material 2c arc deposited [see FIG. 29 (6)], 
and an electrode 2 and electrode spacing 6 are formed by 
photolithoetching. thus forming an electron-emitting device 
(see FIG. 29(c)]. 

The present invention also provides an electron emission 
device as illustrated in FIG. 30. which is another embodi- 
ment of the electron-emitting device described in relation to 
FIG. 28 and at the same time a preferred embodiment of the 
electron-emitting device illustrated in FIG. 1. 

The electron-emitting device illustrated in FIG. 30 com- 
prises a substrate provided thereon with insulating layers 
interposing the face on which fine particles axe dispersed, a 
stepped portion formed between an end portion of the 
insulating layer and the top surface of the substrate, and an 
electrode provided eadi on the top surface of said insulating 
layer and on the top surface of said substrate; an end of each 
electrode being positioned at an upper end or lower end of 
said stq^>ed porticm in such a manner that said electrode 
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may not come into contact with the face on whidi the fine 
particles arc dispersed; and electrode spacing being fonned 
between said electrode ends, where electrons are emitted by 
applying a voltage between these electrodes. 

tn FIG. 30. the numerals 1 and 2 denote electrodes for 

obtaining electrical connection; 4. a substrate; So, an insu- 
lating layer on the substrate 4; 9, fine particles on the 
insulating layer 5a; Sb, an insulating layer to cover the fine 
particles; and 6. electrode spacing between the electrodes 1 
and 2. 

In FIG. 30(J). the clectron-cnutting device of the iH-esent 
invention is a device in which the fine particles 9 interposed 
between the insulating layers 5a and Sb arc arranged at the 
electrode spacing defined between the electrodes 1 and 2 
whose end pOTtions o|^sc each other (but without overlap) 
at the stepped portion, and electrons are emiaed from the 
fine particles 9 by applying a voltage between the electrodes 
1 and 2. 

A preparation method thereof will be described below. 

First, the insulating layer Sa is built up or deposited on the 
substrate by liquid coating, vacuum deposition or the like 
process, and then the fine particles 9 are dispersed on the 
insulating layer Sa [see FIG. 30 (a)]. 

Next, the insulating layer Sb is built up or deposited on the 
insulating layer 5a and the fine particles 9 by liquid coating 
or vacuum deposition or the liVp^ process so that it may cover 
the fine particles 9 [see FIG. 30 (b)]. 

The insulating layers 5a and 5b interposing the fine 
particles are further formed by photolithoetdxing so that the 
stepped portion can be given substantially at the middle of 
the substrate 4 (see FIG. 30 (c)]. 

Thereafter, the electrodes 1 and 2 arc deposited on the 
insulating layer 5b and the substrate 4 in such a manner that 
at least part of the sidewall of the stepped pcHtion and the 
fine particles 9 may not be hidden and also no electric short 
may be caused, to form the electrode spacing 6 [see FIG. 30 
(c)]. 

The electron-emitting device of the present invention can 
be obtained according to the above process. The present 
device may be placed in a vacuum container, a voltage may 
be ^plied to the electrodes 1 and 2. and a lead-out electrode 
plate (not shown) may be disposed so as to face the top 
surface of the device, to whidi a high voltage is applied, 
whereupon electrons arc emitted from the vicinity of the 
electrode spacing 6. 

The present invention may stiU also be embodied for the 
electron-emitting region 3 by fOTming an electron-emitting 
layer 3a and electron-emitting bodies 3b. 

For exan^le, as illustrated also in FIG. 31. this is an 
electron-emitting device having the structure that, for 
example, the embodiments of FIG. 3 and FIG. 5 previously 
described are combined^ 



In FICl 31, the electron-emitting device of the present 
invention\s a device comprising a laminate comprising an 
insulating Dayer 5 held between a pair of electrodes whose 
end portiotfSt oppose each other, wherein the electron- 
emitting layou^ is included into the insulating layer 5 in 
such a marm^d^ the sidewall face of the electron-emitting 
layer 3a mayn^v^isposed along the sidewall face of the 
insulating layeriS formed at the opposing portion at which 
the electrodes 1 and 2 oppose each other, and the electron- 
emitting bodies sAare further disposed at the surface of said 
sidcwalL where electrons are enodttcd by qjplying a voltage 
hrtwrrn the el^ctrc^s 1 and 2. 



The noaterials and methods for forming the device are as 
described previously. 

Besides taking the structure as illustrated in FIG. 31 to 
form the electron-emitting region 3. it is also desirable to. as 
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shown in FIG. 33. form a stepped pxxiion 18 with an 
insulating layer 5 containing &ne particles (electron-emitting 
materials) 9 and at the same time provide electron-emitting 
bodies 3b on the side surface of said stepped portion. 

Alternatively, as shown in FIG. 35. fine particles 
(electron-emitting materials) 9 may be airanged on an 
insulating layer 5a, the fine particles arc further covered 
thereon with an insulating layer 5^ to form a stepped 
portion, and electron-emitting bodies 36 may be further 
arranged on the side surface of said stepped portion to form 
an electron-emitting region. 

In the present invention, the device may also comprise an 
electron-emitting region obtained by three or more of its 
formation methods as shown in FIG, 36. 

Incidentally, in the case where the fine particles are used 
as the electron-emitting bodies 3b dispersed on the side 
surface or the electron-emitting materials 9 contained in the 
insulating layer as described above, it was confirmed that 
employment of two or more kinds of different materials as 
said fine particles enables better control of the rfiaracteristics 
as the electron-emitting device. 

Usable as materials for the fine particles are the materials 
same as those described in relation to FIG. 8. Selecting 
appropriately two or more kinds of different materials 
among those materials as occasion demands and using them 
as the fine particles makes it possible to not only achieve 
electron emission but also improve or control the charac- 
teristics of intended electron-emitting devices. 

For example, since in the electron-emitting device of fee 
present invention an electric current in the direction of 
electrodes is indispensable for electron emission, it is pos- 
sible to lower the drive voltage of the device by incopo- 
rating fine particles of relatively low resistance nature (for 
example, incorporating Pd or Pt fine particles in SnOa fine 
particles). 

It can be also expected to increase electron emission by 
adding to Pd fine particles, low work function materials as 
exemplified by LaB^ or materials having a large cocfBcient 
of secondary electron emission as exemplified by an AgMg 
alloy. 

The present invention can be also effective not only for 
the embodiment using the fine particles of two or more of 
different materials, but also fOT the instance where the fine 
particles, even though comprised of one kind of materials, 
are constituted of two or more kinds having difference ordy 
in physical parameters sudi as average particle diameter and 
shapes. 

For example, the particle diameter may be made to 
comprise two kinds, one of which is so fine (as exemplified 
by a particle diameter of about 100 angstroms) that the effect 
of electric field emission can be greatly exhibited, and the 
other of which is relatively so large (as exemplified by a 
particle diameter of about 4.000 angstroms) as to be con- 
tiibut<Hy only to electrical conductivity, so that the former 
can realize increase in the amount of electron emission, and 
the latter, driving with a low voltage. 

It is of course also possible to utilize the materials by 
combining both of the above-described two or 
mere kinds of different materials and two or more kinds 
having difference in i^ysical parameters as in panicle 
diameter. 

To fcam the fine particles by dispersion, most single and 
convenient is a method in which a dispersion of fine particles 
comprising desired materials is coated on a substrate or the 
like by rotary coating, dipping or the like technique, fol- 
lowed by heating to remove a solvent, a binder and so forth. 
In this in^anrr. adjusting the particle diameter of fine 
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particles, content thereof, coating conditions, etc.. enables 
control of the state of distribution of their dispersion. 

There is no established theory as to the mechanism by 
which the electrons arc emitted from the electron-emitting 
device according to the present invention, but it is presumed 
to be nearly as follows: 

Presumed arc the electric field emission because of the 
voltage aj^lied to a nairow insulating layer gap. or the 
secondary electron emission occurring when the electrons 
emitted from electron-emitting materials arc diffracted or 
scattered by the film of the island-like structure or the 
electrodes, or caused by collision, or the thermionic 
emission, hopping electrons. Auger effect etc 

The above apparatus niaking use of the elcctron-emittirig 
device of the present invention will be described below in 
detail with reference to the drawings. 

With reference to FIGS. 39 A, 39B and 39C, an embodi- 
ment of a flat-plate-image display apparatus in which the 
present invention is applied will be described. 

FIG. 39A is a partially cutaway perspective view to show 
the structure of a display panel 

How to operate the present apparatus will be described 

below in order. ^ 

shows the structure of the display panel, in 
• denotes a vacuum container made of glass, and 
f eof, denotes a face plate on the display surface 
icr face of the face plate FR a transparent 
of. four example, ITO is formed. At the 
thereof, red, green and blue fluorescent 
s forming members) arc dividedly applied in 
id provided with a metal bade as known 
r^e transparent electrode, the fluorescent 
rtal back arc not shown in the drawing 
FIG. 39A, but arc s^n in FIG. 39D. In FIG. 39D the face 
plate. FP. transparent electrode, TET and fluorescent 

member, FL, are shown \s three layers LA laminated in the 
order shown. 
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The abuve crahsparcnt electrode is electrically connected 



to the outside of the vacuum container through a terminal 
EV so that an accelerating voltage can be applied. 

The letter symbol S denotes a glass substrate, fixed to the 
bottom of the above vacuum container VC. on the surface of 
wtdcb the electron-emitting device ED of the present inven- 
tion is formed in arrangement (FIGS. 39B and 39C) with 
number Nxlines L Herein. FIG. 39B shows an example 
wherein the devices in which electrodes 1 and 2 are juxta- 
posed on a surface of a substrate are arranged. Further. FIG. 
39C shows an example wherein the devices in which elec- 
trodes 1 and 2 are laminated on a substrate are arranged. The 
group of electron-emitting devices are electrically parallel- 
connected for each line, and positive-pole side wiring 31 (or 
negative-pole side wiring 32) of each line is electrically 
connected to the outside of the vacuum container VC 
tfarou^ terminals D^^ to D^| (or tenninals D^^ to D^. 

A grid electrode (modulating electrode) GR is f<rmed in 
a stripe between the substrate S and the face plate FP. The 
grid electrode (modulating electrode) GR is provided in the 
number of N, falling under rig^t angles with the line of the 
electron-emitting device. Grid boles Ch are provided in each 
electrode, through which electrons are transmitted. The grid 
boles Gh may be provided one by one corresponding with 
each electron-emitting device as shown in RG. 39 A. or the 
number of minute holes may aUematxvely be provided in a 
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e grid electrodes (modulating electrodes) 
illy oonnected to the outside of the vacuum 
pugb grid electrode tenmnals Gi to Gm. 
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Id the present display paneL the lines of the electroD- 
emitting devices in the number of 1 and the lines of the grid 
electrodes (modulating electrodes) in the number of N 
constitute an XY matrix. Synchronizing with the successive 
driving (scanning) of the lines of electron-emitting devices 
line by line, modulating signals, allotted to one line of an 
image are simultaneously applied to the lines of grid elec- 
trodes (modulating electrodes) in accordance with informa- 
tion signals. Thus, the irradiation with each electron beam to 
the fluorescent member can be conGrolled and the image is 
displayed line by line. 

The image display ai^aratus as described above can be an 
image display apparatus capable of obtaining a displayed 
image particulariy with a high resolution, free of luminance 
unevenness and with a high luminance, and having a facility 
of manufacturing a long life, because of the advantages 
attributable to the electron-emitting device of the present 
invention as previously described. 

EXAMPLES 

Specific examples of the present invention will be 
described below. 

EXAMPUE 1 

FIG. 3 (a), (b) is a flow sheet illustrating an example for 
a method of preparing the electron-emitting device of the 
present invention. 

In FIG. 3 (a), (b), the numeral 4 denotes a glass substrate; 
and 1. a nickel electrode of 500 angstroms thick. 

SiOj was vapor deposited to form an insulating layer Sa 
of 1.000 angstroms fliick. Au was v^r deposited as an 
electron-emitting layer 3a to have a thickness of 500 
angstroms, and an insulating layer 5b was also formed in the 
same manner as for Sa, thus bringing these three layers into 
lamination. 

Then these were partly lamina ted on the electrode 1 as 
illustrated in FIG. 3 (fl). along the pattern of the electrode 1, 
followed by patterning. Next, Ni was laminated as an 
electrode 2 with a film thickness of 5,000 angstroms. 

As illustrated in FIG. 3 (fr), the electrode 2 was subjected 
to patterning by usual photolithographic process along the 
patterns of the electrode 1. insulating layer So, electron- 
emitting layer 3a and insulating layer Sb, As illustrated in 
the figure, the electrodes 2a and 2b were electrically 
separated, and here the area at which the electrode 2b and 
electrode 1 overlap was made as small as possible. 

Applying a voltage of 20 V between the electrode 2a and 
2b^ there was obtained emission of an electron beam 7 of 03 
jiA per 1 mm length of width of the electrode 2fl in the 
direction vertical to the paper surface. 

As to the electron-emitting layer 3a, usually it may show 
an island structure similar to the small island structure 
among narrow cracks in the conventional film prepared by 
forming, if its film thickness is 100 angstroms or less. 
However, it is presumed that even if the film thickness 
increases to give a continuous film, the electrodes 1 and 2b 
arc electrically insulated, and thus the layer ads similariy to 
the island structure. 

EXAMPLE 2 
In FIG. 4, the numerals 1 to 5 denote the same as in FIG. 

3. In this figure, the numeral S denotes an intermediate layer, 
which is interposed between the insulating layer Sb and 
electrode 2 to constitute a multi-layer electrode. In the 
present Frample, subsequent to the formation of the insu- 
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lating layer $b, a step to v^r-<icposit LaBfi to a thickn«s 
of 1 000 angstroms foUowcd by patterning was added to the 
pra)aration steps in Example 1. The electrode 2 was also 
formed by using Ni with a thickness of 5.000 angstroms as 
in Example 1. 

Applying a voltage of 20 V between the electrode 2a and 
2b of the device flius obtained, there was obtained emission 
of an electron beam 7 of 0.5 jiA per 1 nam length of width 
of the electrode 2fl in the direction vertical to the paper 
surface. 

EXAMPLES 

HG 6(a) (i?) is a flow sheet illustrating an example for 
a method of preparing the electron-emitting device accord- 
ing to the second embodiment of the present mvendon. In 
FIG. 6 (a), {b). the numeral 4 denotes a glass substrate. 

An insulating layer Sa was fooncd with SIO^ in 1.500 
angstrom thickness; an electron-emitting layer 3a. with Pd 
in 250 angstrom thickness; and an insulating layer Sb. with 
SiO, in 500 angstrom thickness, cadi of which layer was 
obtained by vacuum d^sition and thereafter, as illustrated 
in FIG. 6 (a), etched to have a stepped shape to e^ 
patterning. Next, electrodes 1 and 2 are deposited. The 
electrodes, as illustrated in FIG. 6 ib), are deposited on 
the insulating layer Sa and to and the stepped portion 
formed by the electron-emitting layer 3a with use of Ni with 
a thickness of 1.000 angstroms. In this occasion, generally 
the electrode 1 will not come into contact with the electron- 
emitting layer 3 if the thickness of the electrode is made 
smaller than the height of the stepped portion of the insu- 
lating layer 5a. i.e.. the step coverage is made poor, and also 
the electrode spacing 6 can be made narrower if the insu- 
lating layer 5b is made thiimer. 

The electron-emitting device obtained according to the 
above process was placed in vacuum, a voltage of 1 kV was 
applied using a lead-out electrode (not shown) provided at 
an upper area in ttie drawing, and a direct current voltage of 
about 12 V was applied between the electrodes 1 and 2. 
resulting in emission of electrons from the electron-emitting 
region 3. 

EXAMPLE 4 

(See FIG. 2.) On a glass substrate 4. an insulating layer 5 
was deposited using SiOz to a thickness of 2.(X)0 angstroms. 
This was etched to have a stepped sh^ to effect patterning. 
Next electrodes 1 and 2 were deposited with Ni in 1.0(X) 
angstroms thickness by vacuum deposition with masking to 
desired shapes. Here, the step coverage by vapor deposited 
Ni at the stepped portion was generally made poc^. and the 
electrode spacing 6 was formed in a space of about 1.000 
angstroms. Fine particles were made to be fixed here as 
electron-emitting bodies 3b. The fine particles are obtained, 
for example, by the following manner. Namely, prepared is 
a solution of fine particles of metals such as Pd. having a 
particle diameter of several 100 angstroms as materials 
serving as the electron-emitting bodies 36. This solution was 
coated by spin coating, and baked at a temperaoire of about 
300** C. to fix the fine particles to the electrode spacing 
region. The resulting device was able to emit electrons by 
driving it as in Example 3. 

EXAMPLE5 

In the constimtion in FIG. 8. formed on a soda lime glass 
substrate 4 was an insulating layer 1 1 comprised of a lead 
oxide type low-melting glass coating filiiL 
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Pl electrodes 1 and 2 were further farmed thereon with a 
thickness of 1.000 angstroms, L;=0.5 lua and W=300 pin. 
and Pd, as fine particles 9, of several hundred angstroms in 
particle diameter were further arranged in a dispersed state 
between said electrodes. 

The Pd fine partidcs 9 were arranged by spin coating 
(3.000 rpm; coating was repeated five times), using a butyl 
acetate solution (Catapaste CCP-4230, available from 
Okuno Seiyaku Kogyo) containing an organic palladium 
compound in an amount of about 0.39b in terms of Pd metal, 
and treated by heating at 250*" C. They were then baked for 
20 minutes at 450* C. to bring the fine particles to be 
included into the insulating layer 11. 

Here, the amount of an electric current flowing to the 
electrode spacing L was about 5 jiA/5 V. This specimen was 
subjected to pickling using an aqueous 5 to 10 voL % HQ 
solution, resulting in the amount of electric current of 250 

The specimen prepared according to the above process 
was placed under vacuum of 10"^ Ton- or more, and a 
voltage was applied between the electrodes 1 and 2 as 
described above. As a result, an electric current V^flowed on 
the surface of inside of the insulating layer 11 or through the 
fine particles 9. and a stable electron emission was con- 
firmed when a voltage was applied allowing an lead-out 
electrode (not shown) to serve as the anode. The electron 
emission was also confirmed in regard to a specimen to 
which no pickling was applied. 

Results of measurement on the electron-emitting device 
prepared in the present Example arc shown in Table 1. 
Swing of the emitted electric current is indicated with a 
value obtained by dividing the amount of change AI« in the 
amount of the emitted electric current of 1x10"^ Hz or less 
by the emitted electric current and multiplying it by 100. 
i.e.. AW<100. 
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Device 

drive 

voltage 


u 

cuxrent 


Efficiency 
(Emitted 
cuf lent I,/ 
Device 
cwTcnS Id 


life* 


Swing 
of 

emitted 
current 


Prescni 

Bxtanplc: 
30 V 


0.8 mA 


8 X 10^ 


lOOfars 
or won 


10% 



*Life: period in which the '^^"^ electrk cnzrcnt comes to 50% or less 



The aJbo^ results, as compared with the results of mea- 
surement of\ surface conduction electron-emitting device 
comprised of D'O materials that required the forming the 
conventional technique (drive voltage of the device: 20 V; 
emitted electric /£3[jent: 1.2 \iA\ efficiency: 5x10"^. life: 35 
hours; swing of electric current: 20 to 60%). can tell 
the following: \ ■- 

The electron-emitting device of the present Example is 
stable and of long life, and shows high characteristics in the 
electron-emitting efficiency. 

EXAMPLE 6 

Ejtample 5 was exactly repeated except that the baking for 
20 minutes at 450** C was replaced by complete baking for 
2 hours at 490** C, to carry out an experiment. 

The device obtained by the above experiment gives a 
device in which ail the fine particles 9 are penetrated into the 
insulating layer 11 (FIG. 9). 
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The same mcasuremeat as in Example 5 was marf^ on this 
electron-emitting device to obtain the same electron emis- 
sion as in Example 5. but it tended to have a longer life and 
show further decreased swing of the emitted electric current. 

More specifically, the electron-emitting device in which 
the fine particles arc included into the insulating layer as in 
the present Example 6 is characterized by being more 
improved in the life and the swing of emitted electric cuncnt 
in addition to the effect obtainable in Example 5. 

EXAMPLE? 

Example 5 was exactly repeated except that the baking for 
20 minutes at 450° C. was replaced by baking for 10 minutes 
at 420** C. 

The device obtained by the above experiment gives a 
device as shown in FIG. 10. The electron-emitting device in 
which the fine particles arc slightly penetrated into the 
insulating layer brought about an electron-emitting device 
having more improved emitted electric current and emitted 
current efficiency (IJJ^ in addition to the effect obtainable in 
Example 4. 

EXAMPLE 8 

The surface of the insulating layer 11 at the electrode 
spacing L of the electron-emitting device obtained in 
Example 6 was etched using an aqueous 5 Vol. % Hf 
solution to bring the fine particles 9 to expose from the 
insulating layer 11. so that there was obtained a device 
having the same structure as in the above Example 7. 

EXAMPLE 9 

Using a substrate 12 comprising porous glass having a 
pore size of 80 to 1,000 angstroms in which gold fine 
particles were deposited to have a device resistance of &om 
1 megacrfun to 10 mcgaohms, there was given an electron- 
emitting device of the present invention (FIG. 9). 

Measurement on said device was carried out in the same 
manner as in Exaiiqjle 5. Results are shown in Table 2. 
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25 V 




2x KT* 










or more 



nife: The pericxi in which the emitted electrk cuneot coines to 50% ^ 



U was revealed from the above results that the electron- 
emitting device of the present invention becomes an 
electron-emitting device that is stable (i.e. small in the swing 
of the emitted electric cuircnt) and of long life and has a high 
electron emission efficiency as compared with a conven- 
tional device obtained by forming of gold (device drive 
voltage of: 16 V; emitted current: 0.8 jiA; efficiency; I.2x 
10"*; life: 35 hours; swing: 20 to 60%). After the experiment 
for electron emission, the degree of device deterioration was 
observed by using a scanning type electron microscope, but 
there was seen litUe change in the diameter or distribution of 
the fine particles of gold present between the electrodes. 
However, the device obtained by forming of gold showed an 
extreme deterioration at the high resistance part discussed in 
the prior art. 
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The device according to the present Example 9 was able 
to be readily intcigrated with less irregularities between 
devices even when a number of the devices were formed on 
the same substrate. 

EXAMPLE 10 

Referring to FIG. 16. obtained was an electron-emitting 
device comprising a colored glass (golden red glass) sub- 
strate 14 having gold colloids. 

The same measurement as in Example 5 was made on said 
electron-emitting device. Results obtained are shown in 
Table 3. 



TABLE 3 



Device 

drive 

voltage 


K 

Emitted 
current 


Efficieocy 
(Emitted 
cuneni / 
Device 
cuzrent 


Life* 


Present 
Example: 
32 V 


0.6 mA 


2x icr' 


2,000 his 
or more 


•Life: The period m whkfa the emitted electric current cc 


■DCS to 50% or less. 



As Will be seen also from Table 3, the electron-emitting 
device of the present Example is stable (i.e. smaU in the 
swmg of the emitted electric current) and of long life and has 
a high electron emission efficiency. After the experiment fa- 
electron emission, the degree of device deterioration was 
also confirmed by using a scanning type electron 
microscope, but there was seen little change in the diameter 
or distribution of the fine particles of gold present between 
the electrodes. In contrast therewith, the conventional device 
obtained by faming of ITO shows an extreme dctericration 
at the high resistance part 

There was also obtained similar results in the case when, 
after fine particles arc deposited in the glass, the substrate 
surface was treated with an aqueous hydrofluoric add solu- 
tion so that metal coUoids may be protruded in a large 
number from the surface of the glass substrate, thus giving 
an electron-emitting device of the present invention. 

EXAMPLE 11 

On a clean, quartz glass substrate of about 1 mm thick, a " 
solution prepared by mixing an organic solvent (Catapaste 
CCP. available fiom Okuno Seiyaku Kogyo) containing an 
organic palladium oonqKxind with a SiOa liquid coating 
preparation (OCD, available from Tokyo Ohka Kogyo) to 
have a molar ratio of SiO^ J>d of about 5:1 was spin-coated 
with a spimicr. Thereafter the resulting coating was baked 
f<x 1 hour at about 400* C to obtain a SiOj insulating layer 
11 having a film thidcness of about 1,000 angstroms and 
containing Pd fine particles 9. After this stq>. the surface of 
the insulating layer 11 was etched using an aqueous hydrof- 
luoric acid to bring the fine particles 9 to protrude from the 
insulatxng layer 11. 

Next, on the SiOj insulating layer 11, a photoresist was 
formed by photoUthography with a thickness of abut 0.8 ym 
in the sh^ giving an electrode spacing L. Further on the 
SiOj msulating layer U and said photoresist, a Ni thin film 
was d<^sited with a thickness of 1.000 angstroms accord- 
ing to the masking EB vacuum dq>osition that obtains 
sh^s of electrodes. Thereafter the photoresist was peeled 
to carry out a lift-off step to remove unnecessary Ni thin film 
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on the photoresist. Thus the sh^s of the electrodes 1 and 
2 and electrode spacing L as shown in FIG. 8 can be fcrmed. 
In this instance, each dimension shown in FIG. 8 was set to 
be 1^=0. p \im. W=300 \im and A=2 mm. 

Electron emission characteristics of the electron-emitting 
device obtained according to the above (Hocess were mea- 
sured to have revealed that there was obtained electron 
emission of. ^^proximately, emitted electric current 1^=1 |iA 
and emission efficiency a=5xl0~'' under the drive voltage 
yy=30 V of the device. The life and the swing of the emitted 
electric current were in substantially the same level as those 
in Exan^le 5. 

EXAMPLE 12 

Exan^le 11 was repeated but replacing the organic pal- 
4adium compound by SnO^ fine particles of 100 angstroms 
in average particle diameter, to obtain a similar electron- 
emitting device, and similar experiments were carried out 
As a result there was obtained electron emission of substan- 
tially the same level as in Example 11. 

EXAMPLE 13 

In the constitution as illustrated in FIG. 17. a semicon- 
ductor layer 16 of about 100 angstroms thick was formed on 
a soda gtass substrate 4 by using a carbon film obtained 
from a calcined organic substance. Palladium fine particles 
of about 100 angstroms in diameter arc dispersed in the 
semiconductcH- layer. 

Electrodes 1 and 2 were also formed with Pt to have a 
thickness of 1,000 angstroms, a spacing of 0.8 \mL and a 
width of 300 ^^L 

Applying a voltage between the electrodes 1 and 2 
prepared in the above produced a flow of an electric current 
^ through the semiconductor layer 16 and fine particles 19. 
and a stable electron emission was confirmed when a voltage 
was applied allowing a lead-out electrode to serve as the 
anode. 

Comparison of examples of characteristics were made 
between the electron-emitting device prepared in the present 
Example, having, a semiconductor, and a prior art surface 
conduction electron-emitting device comprised of ITO and 
requiring the fmning. to obtain the results shown in Table 
4. Swing of the emitted electric current is indicated with a 
value obtained by dividing the amount of change AI^ in the 
amount of the emitted electric current of lxlO~^ Hz or less 
by the emitted electric current and multiplying it by 100, 
Le.. AVI^lOO (%). 

TABLE 4 
Efficicocy 

(Emitted Swing 

current I,/ of 
Device emitted 
cmiem life* cinreni 

Present Ft ample: 

15 V 4 uA 1 X KT* 800 hi5 15% 

Of more 
Device of ftarnaog of IK): 

20 V 1.2 mA 5 X 10-* 35 his 20-60% 

1 .ifc: Tbe perk xi in which the enitted efeciric cuncnt comes to 50% or less 



Device I, 
drive Emitted 
voltage cuneni 



As will be clear from Table 4. the surface conduction 
electron-emitting device of the present Example is charac- 
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terized by being stable and of long life, showing a low drive 
voltage and a laige emitted electric <nt£renL 

EXAMPLE 14 

In the constitution illustrated in FIG. 22. an A-Si:H film 
was d^>osited on a glass substrate 4 by plasma CVD to have 
a ^ckness of 2.000 angstroms, thus giving a semiconductor 
layer 16. Electrodes 1 and 2 were formed with Pt to have a 
thickness of 1.000 angstroms, a spacing L of 0.8 ^m. and a 
width W of 300 [xm, 

Pd, as fine particles 9, of several 100 angstroms in 
diameter were further arranged in a dispersed state between 
said electrodes. 

The Pd fine partides 9 were arranged by spin coating 
(3.000 rpm; coating was repeated five times), using a butyl 
acetate solution (CaUpaste CCP-4230. available from 
Okuno Seiyaku Kogyo) containing an organic palladium 
compound in an amount of about 0.3% in terms of Pd metal, 
and treated by heating at 250** C. The electron-emitting 
device prepared in the present Example, having a 
semiconductor, was evaluated in the same manner as in 
Example D. As a result, it was able to obtain similar 
electron emission. 

EXAMPLE 15 

In the constimtion illustrated in FIG. 25. electrodes 1 and 
2 were formed on a glass substrate 4 with Pt to have a 
thickness of 1,000 angstroms, a spacing L of 0.8 ^m. a width 
W of 100 Mm- 

Fine particles were prepared in the same manner as in 
Example 14, and hydrogenated amorphous silicon was 
formed as a semiconductor layer 16 by plasma CVD to have 
a thickness of about 500 angstroms. 

Thereafter the convexes on the semiconductor layer 16 
were etched by ion milling. 

The electron-emitting device prepared according to the 
above process was evaluated in the same manner as in 
Exanaple 12 to have found that there is obtained similar 
electron emission. Particularly in the present Example, dif- 
ferent from Example 14. the electron-emitting device in 
which the fine particles 9 were fixed in the semiconductor 
layer 16 had a tendency of stableness in electron emission in 
addition to the effect obtainable in Example 14. 

EXAMPLE 16 

An electron-emitting device was obtained according to 
the previously described preparation steps (c) to (c) of FIG. 
28. 

More specifically, on a clean, quartz glass substrate of 
about 1 nmi thick, a solution prepared by mixing an organic 
solvent (Catapaste CCT. available from Okuno Seiyaku 
Kogyo) containing an organic palladium compound with a 
SiOj liquid coating preparation (OCD. available from Tokyo 
Ohka Kogyo) to have a molar ratio of SiOjiPd of about 5:1 
was spin coated with a spinner. Thereafter the resulting 
coating was baked for 1 hour at about 400^ C. to obtain a 
SiOs insulating layer 5 having a film thickness of about 
1.500 angstroms and containing Pd fine particles 9 [see FIG. 
28 (a)l. 

Next, flie insulating lay» 5 was etched by photolithoetch- 
ing with use of an aqueous hydrofluoric acid solution to form 
a stepped portion of about 1,500 angstroms high at the 
middle of the substrate 4 [see FIG. 28 (^)]. 

Thereafter. Ni electrodes 1 and 2 of about 500 angstroms 



in film thickness were formed by deposition utilizing EB 
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vacuum dq>ositioQ in the manner that the stepped ponioo 
may not be completely covered. 

In this instance, there is given the struaure that the 
electrodes I and 2 oppose each other with certain spacing, 
across the side wall of the stepped portion of the in^utatjn g 
layer 5 containing the fine paiticles 9. This space is desig- 
nated as electrode spacing 6 (see FIG. 28 (c)J. 

Heoion emission characteristics of the electioo-cmitting 
device obtained according to the above process were mea- 
sured to have revealed that there was obtained electron 
emission of. approximately, emitted electric current I,=2.5 
\iA and emission efficiency a=5xlO~^. 

EXAMPLE 17 

According to the previously described preparation steps 
(a) to (c) of FIG. 29. prepared was an electron-emitting 
device of the constitution that an insulating layer is held 
between electrodes. 

More specifically, on a dean, quartz glass substrate 4 of 
about 1 mm thick, an Ni electrode erf about 500 angstroms 
in film thickness was deposited by EB vacuum deposition to 
form an electrode 1 by jrfiotolithoetching (see FIG. 29 (a)]. 

Next, on the surface of the electrode 1 and the substrate 
4. a SiO, insulating layer 5 containing Pd fine particles 9 was 
deposited in the same manner as in Example 16 to have a 

film thickness of about 1.000 angstroms. A Ni thin film of 

about 1.000 angstroms in film thickness was further depos- 
ited on the SiOj insulating layer to give an electrode material 
2c (see FIG. 29 {b)]. 

Thereafter, on the Ni thin film, formed was a photoresist 
in the shape of an electrode 2 partly overlapping with the 
electrode 1 at the middle of the substrate. In the sh^ of this 
phot<msist. the electrode material 2c and insulating layer 5 
were etched, followed by peeling of the resist to form the 
electrode 2 and an electrode spacing 6. The size othff than 
thickness, of eadi matcriaL was made to be the same as in 
Example 16. 

Electron emission characteristics of the election-emitting 
device obtained aoc<nding to the above process w« mea- 
sured. As a resulL there was obtained the same election 
emission as in Example 16. 

EXAMPLE 18 

Exan^le 16 was repczted except that the material for fine 
particles and the organic solvent conqjrising the organic 
metal conqxxind weze replaced by a SiOj liquid coating 
pcepmtion in which SnOj fine particles of about 100 
angstroms in primary panicle diamrtrr were di^>ersed, to 
cany out an C3q>eriment As a result, there was obtained the 
same election emission as in Exanq>le 16. 

EXAMPLE 19 

An electron-emitting device was obtained according to 
the previously described preparation steps (a) to (d) of FIG, 
30. 

Mofe specifically, on a clean, quartz glass substrate of 
about 1 mm thick, a SiOj liquid coating preparation 
(Catapaste CCP. available from Okuno Seiyaku KogVo) was 
spin-coated with a spinner. Thereafter the coating was baked 
for 1 hour at about 400** C to obtain an insulating layer 5a 
comprised of SiO, and having a film thickness of about 
1.000 angstroms. Subsequently, on the insulating layer 5a. 
an organic solvent (Catapaste CCP. available from Okuno 
Seiyaku KoGyo) containing an caganic ptnaHiiifn com- 
pound was spin coated with a spinner Thereafter the coating 
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was baked for 10 minutes at about 250** C to obtain fine 
particles 9 comprised 6/ Pd in the state that they arc 
dispersed on the surface of the insulating layer Sa (sec FIG 
30{fl)|. 

Next on Che fine particles 9 and insulating layer 5a 
an insulating layer 5b comprised of SiO, was coated in ' 
Che same manner as the insulating layer 5a to have a film 

thickness of about 500 angstroms. foUowcd by bakinc I sec 
FIG. 80 (b)l ^ ^ * 

Thereafter, the insulating layers Sa and Sb were etched 
using an aqueous hydrofluoric acid solution by photolitho- 
ciching to form a stepped portion of about 1 JOO angstroms 
high at the middle of the substrate 4 (sec FIG. 30 (c)]. 

Ni electrodes 1 and 2 of about 5.000 angstroms in film 
thickness was further formed by deposition utilizing EB 
vacuum deposition in the manner that the stepped portion 
may not be completely covered. A space thus formed is 
designated as electrode spacing 6 (see FIG. 30 (d)h 

Electron emission charaaeristics of the electron-emitting 
device obtained according to the above process war mea- 
sured to have revealed that there was obtained electron 
emission of, approximately, emitted electric current 1^=2.0 
fiA and emission efficiency a=8xlO~^. 

EXAMPLE 20 

As illustrated in FIG. 32. a Ni electrode 1 of 500 ang- 
stroms thick was formed on a glass substrate 4 by vacuum 
deposition. On the electrode 1. an insulating layer Sa made 
of SiOa was fcmcd by vacuum d^>osition utilizing sput- 
tering to have a film thickness of 1.000 angstroms. 

Next, an electron-emitting layer made of Au was formed 
in 500 angstroms thickness by vacuum deposition (a layer 
3a), and thereafter an insulating layer Sb (SiOi) was formed 
with a film thickness of 1,000 angstroms by sputtering. 

After the rc^)cctivc layers of the insulating layer So, 
electron-emitting layer 3a and insulating layer Sb were 
laminated, they are partly laminafr4 on the electrode 1 as 
iUustratcd in FIG. 32 (a) along the pattern of the electrode 
1. followed by patteming. Next, an electrode 2 is laminated. 
The electrode 2 was made of Ni to make wiring resistance 
lower. The thickness thereof was controlled to 5,000 ang- 
stroms to obtain necessary wiring resistance. 

After the electrode 2 was laminated by vacuum 
deposition, the electrode 2 was subjected to patterning by, 
for exan^le. usual photolithographic process along the 
patterns of the electrode 1. insulating layer So, electron- 
emitting layer 3a and insulating layer Sb as illustrated in 
FIG. 32 (fr). 

A Pd organic metal solution (Catapaste. available from 
Okuno Seiyaku Kogyo Co.) was spin coated as an electron- 
emitting layer, followed by baking for 10 minutes at 250"* C. 
to provide electron-emitting bodies on the surface of a side 
wall of the insulating layers. A voltage of 14 V was applied 
between the electrodes 2a and 2b using a lead-out electrode 
(not shown) provided above the device substrate, and a 
lead-out voltage of 500 V was applied to obtain emission of 
electron beams 7 of 1.7 nA. 

EXAMPLE 21 

riG. 33 (d) CiHustrateJ Illustrates a cross-section of 

iii-rT**^S"^2?'"4^^^"9 device obtained in the present 
Exanple (See FIG. 33(a) to (dJ «s to the preparation steps). 

On a clean, quartt glass substrate 4 of about l mn thick. 

a solution prepared by mixing an organic palladium com- 
pound solution (Cat a pa ste CCP. available from Okuno Sciy- 
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aku Kogyo) with a SiOz liquid coating prq>aration (OCD. 
available from Tokyo Ohka Kogyo) to have a molar ratio of 
SiOjtPd of about 10:1 was spin coated with a spinner. 
Thereafter the resulting coating was baked for 1 hour at 
about 400° C. to obtain a SiOj insulating layer 5 having a 
film thickness of about 3^00 angstroms and containing 
electron-emitting materials 9 (Pd fine particles) [see FIG. 33 

Next, the insulating layer 5 was etched by phocolithoetch- 
ing with use of an aqueous hydroflucric acid solution to form 
a stepped portion IS of about 3^00 angstroms high at the 
middle of the substrate 4 [sec FIG. 33 (b)]. 

Thereafter, Ni electrodes 1 and 2 of about 500 angstroms 
in film thickness was fcHmed by deposition utilizing EB 
vacuum deposition to have the shape illustrated in FIG. 33 
(c) in the manner that the stepped portion may not be 
completely covered. 

Electron emitting bodies 3b were further provided on the 
surface of a side wall of the insulating layer in the same 
manner as in Example 19 [see FIG. 33 (d)]. 

Electron emission characteristics of the electron-cniitting 
device obtained according to the above process were mea- 
sured to have revealed that there was obtained electron 
emission of. approximately, emitted electric current 1^=4 ^lA 
and emission efficiency a=2xl0~^, under applied device 

voltage V,oi4 V and lead-ouc volcage V. » ikV. 

EXAMPLE 22 

Example 21 was repeated except that the organic metal 
compound solution that formed the electron-emitting bodies 
3b in Example 21 was replaced by a SiOj liquid coating 
preparation in which SiOa fine particles of about 100 ang- 
stroms in particle diameter were dispersed, to form a similar 
electron-emitting device. There were obtained substantially 
the same results as in Example 21. 

EXAMPLE 23 

Similar results were obtained also when the organic metal 
ooix^xxind solution employed to fcrm the electron-emitting 
bodies 3b in Exan[^>le 20 was replaced by a coating prepa- 
ration in which Sn02 fine particles of about 100 angstroms 
in particle dfamrrrr were dissolved by dispersion together 
with an organic binder. 

EXAMPLE 24 

On a substrate a SiOj film is vacuum deposited to form an 
insulating layer So, on which Pd is vacuum dqx>sitcd in a 
thickness of 500 angstroms (electron-emitting layer 3a) and 
further an insulating layer Sb is formed by vacuum deposi- 
tion of a SiOj film (see FIG. 34 (a)). 

Next, the insulating layers 5^ Sb and electron-emitting 
layer 3fl arc etched to form a stepped portion 18 [sec FIG. 
34 (b)l 

Thereafter. Ni is applied by masking vacuum dq>osition 
in a thickness of 500 angstroms to form electrodes 1 and 2 
[sec FIG. 34 (c)]. 

An organic palladium solution is further coated on the 
surface of the device substrate, followed by baking to 
provide electron-emitting bodies 3b on the sidewall of the 
stepped portion (sec FIG. 34 (</)]. 

The resulting electron-emitting device has the structure 
that electron-emitting materials are present only in the 
vicinity of the stepped portion in contrast with Example 20. 

Good results were c^Ttained as in Example 20. 
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EXAMPLE 25 
Exanq)lc 24 was repeated to obtain an electron-emitting 

device, except that the Pd fine particles film of the elect: 

emitting layer 3a in Example 24 was rq>laced by a layer 

obtained by coating a Pd fine particles dispersed solution as 
shown in FIG. 35. 
There was obtained the same electron emission. 

EXAMPIJB26 

The same electron emission as in Example 20 was 
obtained also in a device in which as illustrated in FIG. 36 
a Pd vapor-deposited film serving as an electron-emitting 
- layer 3a was disposed in an insulating layer 5 containing 
electron-emitting materials 9 as Pd fine particles, a stepped 
portion was formed, and elcctron-emitting bodies 3^ were 
further provided on the sidcwall of the stepped portion by 
coating an organic palladium solution followed by baking. 

EXAMPLE 27 

In the constitution illustrated in FIG. 37. on a glass 
substrate 4. titanium electrodes 1 and 2 were formed with a 
thickness of 1.000 angstroms. L=0.8 \im and W=300 juil 
and thereafter SnOj and Pd were arranged as fine particles 
in a dispersed state b^ween the electrodes. 

As a method therefor, a SnOj dispersion (SnOj: 1 g; 
solvent: MEK (methyl ethyl lcetoncycyclohexanon&=3/l, 
1.000 cc; butyral: 1 g) having a primary particle diameter of 
SO to 200 angstroms was spin-coated, followed by heating. 
A Pd dispersion having a primary particle diameter of about 
100 angstroms was further spin coated, followed by heating 
to obtain an electron-emitting device. 

A voltage of about 10"^ Torr was applied between the 
electrodes of the device thus formed. As a result* tiicre was 
obtained an electron emission current of 1.1 \jlA under an 
applied voltage of 15 V. 

Thus, substantially the same electron emission is obtained 
even under the applied voltage of lower by approximately 5 
volts than that of the device containing no Pd fine particles 
and solely comprised of SnOs- In this manner, the drive 
voltage was able to be lowered by the device containing 
different kind of fine particles. 

EXAMPLE 28 

In regard to the Sn02 dispersion of Example 27. a 
dispersion of SnOj of 80 to 200 angstroms in particle 
diameter and a dispersion of SnO^ of about 3.000 angstroms 
in particle dlumMer were prepared, and two kinds of the 
SnO, dispersions were coated in the same manner as in 
Example 27 but in one step for each dispersion, thus 
arranging fine particles in a dispersed state to obtain a 
electron-emitting device. 

As electron emission characteristics of the device thus 
formed, there was obtained an electron emission current of 
about 1.1 pA under an applied voltage of 17 V. 

Thus, substantially the same electron emission is obtained 
even under the applied voltage of as about 3 V lower than 
that of the device obtained by coating in two steps the 
dispersions of SnO, of 80 to 200 angstroms in particle 
diameter: In this manner, the drive voltage was able to be 
lowered by adding the parddes having a largo* particle 
diameter. 

EXAMIU29 

Osing each of the elect ron -emit ting devices prepared In 

the above cxamplc&^ image di^lay apparatuses as shown in 
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FIGS. 39A. 39B and 39C were prepared. Herein, a pitch of 
device wiring electrodes 33. wherein 33-a and 33-* consti- 
tute a pair, is 2 mm. a pitch in electron-emitting regions 30 
is 2 mm. Face plate (FP) was located at 4 mm distance from 
substrate (S). Grid electrodes (GR) were located at 10 \im 
distance from the surface of the electron-emitting device. 

How to operate the present embodiment will be described 
below. 

The voltage on the surface of the fiucr^oent member is 
set to be from 0.8 kV to 1.5 kV. In FIGS. 39B and 30C. a 
voltage puUc of 14 V is appUed to a pair of device wiring 
electrodes 33-fl and 33-i> so that electrons are emitted from 
the plural electron-emitting devices arranged in linear fash- 
ion. The electrons thus emitted are brought under ON/OFF 
oontxol of electron beams in accordance with infonnatioo 

signals by applying a voltage to the group of modulating 

electrodes. The electrons drawn out by the modulating 
electrodes impinge against the fluorescent mcnober under 
acceleration. The fluorescent member peiforms a line of 
display in acccH-dance with the information signals. Next, a 
voltage pulse of 14 V is aj^lied to the adjacent device wiring 
electrode 33-<i and 33-^ to carry out a line of display as in 
the above. This operation is successively repeated to form a 
picture of image. More specifically, having the group of 
electron-emitting devices serve as scaiming electrodes, the 
scanning electrodes and the modulating electrodes for the 
XY matrix, and thus the image is displayed. 

The electron-emitting device according to the present 
embodiment can drive in response to a voltage pulse of 100 
{Hooseconds or less, and hence the displaying of an image in 
1/30 second for one picture enables formation of 10*000 
lines cr more of scanning lines. 

The voltage applied to the group of modulating elec- 
trodes (GR) iS 0 V CT Icss, OT 30 V OT m<»C UOdcr Which the 

electron beams arc OFF-controUcd or ON-controUed. 
respectively. The amount of electron beams continuously 
varies at voltages between 0 V and 30 V. Thus, it is possible 

to effect gradational display according to the magnitude o 

the voltage ^>plied to the modulating electrode. 

hM'HC r OF THE INVENTION 

As described above, according to the electron emitting 
device of the present invention and the method for prq)aring 
the same, electron-emitting devices that can have suble 
structure even if the electrode spacing having the electron- 
emitting mati-riaU is madc very narrow can be formed 
without applying the forming required in the priOT art. 

Accordingly, the electron-emitting devices prepared by 
the present invention are quite free fr<Hn the difficulties 
conventionally accompanying the forming izeatmenU so that 
it becomes possible to manufacture the devices having less 
irregularities in characteristics, in a large number and with 
ease, bringing about great industrial utility. 

The electron-emitting device obtained by the present 
invention can also be utilized in planar display devices in 
which the electron-emitting devices are mounted in a single 
plane and electrons emitted by flying a voltage are 
accelerated to stimulate phosphors to effect light-emission. 

An electron-emitting device that is stabler and <rf longer 
life and also has a good efficiency can also be obtained by 
bringing the electrode constitution into a multi-layer con- 
stitution. 

Also, the electron-emitting device in which the fine par- 
ticles arc fixed in the insulating layer is free of any move- 
ment of the fine paxtides during drive, and thus can be an 
dectroo-emitting device that is stable and d elongated life. 
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The electron emission efficiency can be improved by 
suitably adjusting the density of the fine particles. 

The electron-emitting device having the semiconductor 

layer as illustrated in FIG. 17 makes it possible to lover the 

drive voltage by controlling the electrical resistance of the 
semiconductor, and also can be effective in improvement of 
emitted currents. 

We claim: 

1. A display device comprising: 

an electron-emitting device, comprising a semiconductor 
formed between opposing electrodes and wherein fine 
particles are dispersed within said semiconductor or on 
said semiconductor, and 

fluorescent members located at the inner side of a face 
plate above the electron^micting device, wherein said 
fluorescent members emit light by a stimulation of the 
electrons emitted from said electron-emitting device. 

2. The display device of claim 1. having the structure in 
which said fine particles are completely included into said 
semiconductor. 

3. The display device of claim 1. having the structure that 
said fine particles are partly contained in said semiconductor 
and partly exposed therefrom. 

4. The display device of claim 1. wherein said fine 
particles are made of a substance selected from the group 
consisting of borides. carbides, nitrides, metals, metal 
oxides, semiconductors, and carbon. 

5. The display device of claim 4. wherein said fine 
particles comprise at least two kinds of different materials. 

6. The display device of claim 4. wherein said fine 
particles are selected from the group consisting of Nb. Mo, 
Rh. Hf.Ta. W, Re, Pt TL Au. Ag. Cu, Ct, AL Co, NL Fe, Pb, 
Pd, Cs and Ba. 

7. The display device of claim 4, wherein said fine 
particles coxx^nise a m^^^^ oxide selected from the group 
consisting of lUaO,. SnOa, BaO, MgO and SbjOj. 

8. The di^iay device of claim 4. wherein said fine 
particles comprise Pd or Sn03. 

9. The display device of claim 5. wherein said different 

materials comprise materials having different conductivities. 

10. The display device of claim 1. whereiB said fine 
particles are dispersed between said electrode by coating. 

11. The display device of claim L wherein said fine 
particles are dispersed between said electrode by vacuum 
deposition. 

IZ The display device of claim 1. wherein said fine 
particles are dispersed by thermal decomposition of an 
organic metal compound. 

13. The display device of claim 1. having the device 
structure in which the electrodes are fonned on a substrate, 
the semiconductor is formed between said electrodes, and 
the fine particles are arranged inside or on said semicon- 
ductor in a dispersed state. 

14. The display device of claim 1, where a plurality of said 
clectroD-emitting device are mounted on a single plane. 

15. A display device ccHxqsrising: 

an electron-emitting device, comprising an insulating 

layer, is disposed between opposing electrodes on a 

planar substrate, and having fine particles arranged 
within said insulating layer in a dispersed state; 
wherein electrons are emitted by inlying a voltage to 
said electrodes; 
fluorescent members located at the inner face d a face 
plate disposed above the electron-emitting device, 
wherein said fluorescent members emit light by a 
stimulation of the electrons emitted from said electron- 
^twttrifig device; and 
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aoy of said fine panicles is partly included into and partly 
exposed from said insulating layer. 

16. The display device of claim 15. wherein said ftne 
particles are dispersed between the electrodes by coating. 

17- The display device of claim IS. wherein said fine 
panicles arc dispersed between the electrodes by vacuum 
deposition. 

18. The display device of claim 15. wherein said iine 
panicles are dispersed between the electrodes by thermal 
decomposition of an <xganic metal compound. 

19. The display device of claim 15. wherein said fine 
panicles arc composed of a material selected from the group 
consisting of boridcs. carbides, nitrites, metals, metal 
oxides, semiconductors and carbon. 

20. The display device of claim 19. wherein said material 
comprises a metal oxide selected from the group consisting 
of InjOj. SmOj. BaO. MgO and Sb^Oj. 

21. The display device of claim 15, wherein said fine 
particles comprise at least two kinds of different materials. 

22. The display device of claim 21. wherein said different 

macerials conprise materials having different conductivities. 

23. The display device of claim 15. wherein said fine 
particles arc composed of a material selected from the group 
consisting Nb. Mo. Rh. Hf . Ta, W, Re. Ir. Pt TL Au. Ag. Cu. 
Ci. Al. Co. Ni. Fc. Pb. Pd, Cs and Ba. 

24. The display device of claim 15. wherein said fine 
panicles comprise Pd or SnOj. 

25. The display device of claim 15. comprising a substrate 
comprising a porous glass in which a metal or a metal oxide 
is deposited. 

26. The display device of claim 15. comprising a colored 
glass containing metal colloid fine particles. 

27. A display device com^Kising: 

an electron-emitting device, comprising opposing elec- 
trodes formed on an insulating layer disposed on a 
planar substrate, and fine panicles being dispersed 
within said insulating layer between said electrodes; 

fluorescent members located at the inner side of a face 
plate disposed above the electron-emitting device, 
wherein said fluorescent members emit light by a 
stimulation of the electrons emitted from said electron- 

emiccing device,- and 

said fine particles are so structured that any of said fine 
particles are partly included into and partly exposed 
from said insulating layer. 

28. The display device of claim 27. wherein said insulat- 
ing layer comprises a low-melting glass. 

29. The display device of claim 27. wherein said insulat- 
ing layer has a film thickness of from several ten angstroms 
to several ten microns. 
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3t < disfiMy device of d»m 27. wherein said Rl 
panicles are cooiposed of a material scleaed from the group 
consisting of bodaes. carbides, nitrites, metals, metal 
oxides, semicondnctocs and carbon. 

31. The display «tevice of claim JO. wherein said fine 

particles material cotnpdsts a metal o«de selected froin the 
Loup consisting of In^,. SnO^ BnO. MgO and Sb,0,^ 

32. The display device of daim 27. wherem said fine 
particles comprise at least two kinds of different matcnals 

33 The display device of daim 27. wherem said different 
„,3j^s comprise materials having different conducUv.ues. 

34 The dispUy device of daim 27. wherem said fine 
panicles arc composed of a material selected from the group 
listing of irMo.Rh.Hf.Ta.W.Re. In. Ptri.Au.Ag. 

Cu a. AL Co. NL Fc. Pb. Pd. Cs and Ba. 

35. The display device of daim 27. wherem said fine 
paitides comprise Pd or SnOj. 

36. A display device comprising: 

a face place; 

an electron-emitting device, comprising opposing elec- 
trodes disposed on a planar insuUting substrate, and 
fine partides being dispersed between said opposmg 
electrodes and being partly included into said planar 
insulating substrate, wherein electrons are emitted by 
applying a voltage to said dectrodes; and 
fluorescent membeis located at the inner side of said face 
plate above the dectron-emitting device, wherem said 
fluwescent members emit li^t by a stimulation of the 
electrons emitted from said electron-emitting device. 
37 The disiday device of daim 36. wherein said fine 
partides are sdectcd from the group consisting of bondes 
carbides, nitrites, metals, metal oxides, semiconductors and 
caitx>a. 

38. The display device of claim 37. -herein said fine 

partides comprise a metal oxide selected from the group 
consisting of In^O,. SnO,. BaO. MgO and SbjO,. 

sT^e disiday device of daim 3<5. wherein said fine 
partictes coSse at least two kinds of different n^irnals 

40 The display device of daim 39. wherem saii different 
niiaials Sri« different materials having different con- 

display device of daim 36. wherein s^d fine 
paSkSwSLd from the group consisting of Mo. 
Rh!m. Ta. W. Re. Ir. Pt. Ti. Au. Ag. Cu. Q. Al. Co. Nu Fe. 
Pb Pd. Cs and Ba. 

izTHe display device of daim 36. wherem said fine 
paitides com{»ise Pd or SnOj. 



y4 3 . A display device comprising: 

an electron source plate formed as a laminated 
structure, s^id electron source plate including: 

a substrate , ' 

a first electrode disposed on the 

substrate , 

an intermediate member disposed on said 
first electrode, anV having a side wall which includes an 
electron-emission la^er containing an electrical 
discontinuity, 

a second electrode spaced from said 
substrate in a directionVnormal to said substrate, and 

volt acre application means for applying a 
voltage across the first an<d second electrodes to generate an 



electric field across a surface of the electron-emission 
layer for causing the electror^-emission layer to emit an 



electron; and 



a fluorescent device plate including: 
a transparent \substrate. 



a fluorescent j>aver, 
an acceleration Vrectrode . and 
means for applvin^ an acceleration 
voltage to the acceleration electrode, 

wherein the electron sou^e plate and the 
fluorescent device plate form a vacuumed nousing wall of the 



displav device. 



44 . The aisplav device of Claim 43, wherein said 
electr on-emission la\er comprises a conductive region and an 
insulating region . 

45 . The disVplav device of Claim 43, wherein said 
electron-emission laveg contains carbon. 



46 



The disi 



of one of the first and 
sidewall of the intermedikte member. 



device of Claim 43, wherein an end 
nd electrodes is flush with the 



4 Y ■ A display apparatus comprising: 

an electron source plate including: 
a substrate , 

an insulating member arranged on the 
subst rate so that Vn end of the insulating member forms a 
sidewall on the subg^rate, 

electron-emission layer containing an 
electrical discontinuitjy . and being disposed on the sidewall 



of the insulating memberXfor emitting electrons upon an 
application of an electric\ field across a surface of the 
electron-emission layer, anc 

voltage application means for generating 
an electric field across the iOftrface of the electron-emission 
layer; and 

a fluorescent deviVe plate including: 
a transparent ^ubstrate , 
- 2 - 
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a\ fluorescent laver , 
anXacceleration electrode, and 
meafes for applying an acceleration 

voltage to the acceleration electrode. 

wherein thk electron source plate and the 

fluorescent device p late fd^rm a vacuumed housing wall of the 

displav apparatus . 

48-^ The dis plav app^^atus of Claim 47, wherein 
said voltage applic ation means Vas a pair of electrodes 
including an upper e lectrode portioned at an upper part of 
the sidewall of the insulating md[mteier and a lower electrode 
positioned at a lower part of tfaiB^^dewall of the insulating 
member, and wherein said voltage ajbplication means generates 
the electric field across the surfa\:e of the electron- 
emission laver. 



49 . ThA displav apparatus of Claim 47, wherein 
said electro n-emissUon laver comprises a conductive region 
and an insulating reVion. 



50 . The dis-feiav device of Claim 47, wherein said 
electron-emission laverV contains carbon . 



51 . A display apparatus comprising: 

an electftrAnV source plate including: 
a substrate, and 
3 - 



a plurality of electron emission elements 
arranged in a matir ix of rows and columns on said substrate. 
each electron emis^ don element being formed in a laminated 
structure and comprising : 

a first electrode disposed on the 

substrate , 

an intermediate member disposed on 
said first e lectrode. anM having a side wall which includes 
an electron -emission lavey containing an electrical 
discontinuity , wherein the\ electron-emission layer emits an 
electron upo n an applicatio\i of a voltage across a surface 
thereof , and 

a second electrode spaced from said 
subst rate in a direction noirmal to said substrate; 

a matrix wiring \configuration comprising row 
wirings and column wirings respectively corresponding to the 
rows and col umns of the electron\ emission elements arranged 
in the matrix: 

drive means for gy^pilving (i) a scan signal to 
the ro w wirings, (ii) a modulation t^^nal to the column 
wirings corresponding to the scannek electron emission 
elements, an d (iii) a low voltage adross the first and second 
electrodes of each of the electron eiAission elements: and 

a fluorescent device plate including: 
a transparent substrate, 
a fluorescent layerX 



an acceleration elecVrode. and 
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means for applying an acceleration 
voltage to the acceleration electrode, 

wherein the electron source plate and the 
fluore scent device opiate form a vacuumed housing wall of the 
display device. 



52 . The diaplav apparatus of Claim 51. wherein 
said drive means simulfeaneouslv applies the modulation signal 
to the electron emissiofa elements on a selected row in 
synchronization with theXscan signal. 

53 . A display apparatus comprising: 

an electron teource plate including: 
a substinate, and 

a plurality of electron emission elements 
arrang ed in a matrix of rows Aid columns on said substrate, 
each electron emission element Vncluding: 

an insiiiLating member arranged on the 
substrate so that an end of the Apsulating member forms a 
sidewall on the substrate, and 

an electiy6n-^ission layer 
containing an electrical discontinuity, and being disposed on 
the sidewall of the insulating member for emitting electrons 
upon an application of a voltage acrol^s a surface of the 
electron-emission layer ; 

a matrix wiring configuration which comprises 
row wirings and column wirings respectively corresponding to 
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the rows and coli^nuis of the electron emission elements 

arranged in the matrix; 

drive means for applying (i) a scan signal to 

the row wirings, (iV) a modulation signal to the column 

wirings correspondiila to the scanned electron emission 

elements, and (iii) k voltage to the electron-emission layer 

of the electron emissLon element; and 

a fluoitescent device plate including: 
a ftransparent substrate, 
a fluorescent layer, 
an acceleration electrode, and 
means for applying an acceleration 

voltage to the acceleration electrode. 

wherein thei electron source plate and the 

fluorescent device plate fqrm a vacuumed housing wall of the 

display device. 

54 . The display at^aratus of Claim 53, wherein 
said drive means simultaneousAy applies the modulation signal 
to the electron emission elements on a selected row in 
synchronization with the scan signal. 

55 . The display apparatus of Claim 53, wherein 
said drive means has a pair of electrodes including an upper 
electrode positioned at an upper dart of the sidewall of the 
insulating member and a lower eleccrode positioned at a lower 
part of the sidewall of the insulaqing member, and wherein 
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said drive meaks generates the elect ric field across the 
surface of the electron-emission layer. 



56 . A dVsolav apparatus comprising: 

an eYectron source plate including: 
substrate, and 

plurality of electron emission elements 
arranged in a matrix ^f rows and columns on said substrate, 
each electron emissionyelement including: 

a first electrode disposed on said 

substrate > 

second electrode disposed on said 

substrate, and 

anXelectron-emission layer 
containing an electrical dis^continuit v, said electron- 
emission layer for emitting aX electr on upon an application 
of a voltage across said firsthand s econd electrodes; 

a matrix wiring Configuration com prising row 
wirings and column wirings respectiv ely corresponding to the 
rows and columns of the electron ^mission e lements arranged 
in the matrix; 

drive means for applying (i) a scan signal to 
the row wirings, (ii) a modulation ^gnal to the column 
wirings corresponding to the scanned \el ectron emission 
elements, and (iii) a voltage acros s fehe first and second 
electrodes of the electron emission ele ment; and 

a fluorescent device pla^e including: 
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a ttransparent substrate , 

a fluorescent layG^r . 

an acceleration electrode, and 

meansXfor applying an acceleration 
voltage to the acceleratioA electrode, 

wherein the ^eiTfectron source plate and the 
fluorescent device plate faiPtni^ vacuumed housing walls of the 
display device. 



57 . The display apparatus of Claim 56, wherein 
said modulation signal is made according to an information 
signal . 



Ola^^J^ 58 A The display apparatus of Claim 56, wherein 

^ Q_ said electronVemission laver comprises a conductive region 
and an insulktiing region. 

59 . The display apparatus of Claim 56, wherein 
said electron-emission laver contains carbon. 

60 . The display apparatus of Claim 56, wherein 
said acceleration voltage is in the range of 0 . 8kV to 1.5kV. 



61 . \ The display apparatus of Claim 56, wherein 
said drive meanlb simultaneously applies the modulation signal 
to the electron t^mission elements on a selected row in 



synchronization wi\bh the scan signal^ 
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62 . The display apparatus of Claim 56. wherein 
ends of said first and second electrodes a re disposed in a 
lateral direction at least rouahlv parallel to the surface of 
the substrate and face each other, and said elec tron-emission 
layer is disposed between the ends of th ose electrodes. 



63 . XThe display apparatus of Claim 62^> wherein 
. said drive means^ applies the voltage a cross the electrodes to 
f\ generate an elect^ j ^ field acro ss the surface of the 
^1 T-on-emission iVver. 



64 . The display apparatus of Clai m 56, wherein 
said voltage applied across said first and second electrodes 
is less than or egual to 32 Volts, 
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ABSTRACT 

A display device consisting of an electron-emitting device 
^^cfa is a iaminat<^ of an insulating layer and a pair of 
opposing electrodes formed on a (danar substrate. A portion 
of the insulating layer is between the electrodes and a 
portion containing an electron emitting region in between 
one electrode and the substrate. Electrons are emitted from 
the electron emission region by a voltage to the electrodes, 
thereby stimulating a phosphorous to emitting light. 



